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ologies  to  quantify  in  economic  terms  the  costs  and  benefits  of  natural  valley  st 
orage  as  a  means  of  reducing  future  flood  damages.  Natural  valley  storage  consistjs 
of  wetlands  and  floodplains  which  provide  significant  floodwater  retention.  The 
report  accomplished  the  following:  provided  a  review  of  Corps  flood  control  proje¬ 
cts  in  New  England;  described  the  physical  characteristics  of  natural  valley  stor¬ 
age;  summarized  the  Corps’  Charles  River  Natural  Valley  Storage  project^  described 
I  costs  and  benefits  of  natural  valley  storage;  and' conducted  a  case  study  using  the 
Nashua  River  as  an  example.  Natural  valley  storage  areas  not  only  provide  a  non- 
structural  means  of  flood  control  but  recreational  opportunities  often  abound  in 
these  areas  in  the  form  of  fishing,  hunting,  hiking.  This  report  recommends  that 
a  preliminary  screening  effort  be  conducted  to  identify  significant  natural  valley 
storage  areas  within  Massachusetts.  The  results  of  the  study  identified  a  lack  of 
transferable  information  regarding  the  relationship  between  water  quality  and  gro- 
lundwater  recharge  and  the  preservation  of  natural  valley  storage.  Without  an  und- 
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EXECUTIVE  SUMMARY 


The  Corps  of  Engineers  was  axitharized  in  the  Energy  and  Water 
Develcpnent  /ppropriaticms  Act  of  1991  to  conduct  a  Natural  Valley  Storage 
(NVS)  Investlgaticxi  for  the  Oanrnonwealth  of  Massachusetts  imder  the 
avithority  ccaitained  in  the  Secticn  22,  Planning  Assistance  to  States 
Program.  Ihis  r^»rt  is  the  result  of  that  authorization. 

Ihe  goal  of  this  study  was  to  research  and  discuss  methodologies  to 
quantify  in  economic  terms  the  costs  and  benefits  of  natural  valley 
storage  as  a  means  of  reducing  future  flood  damages.  Natureil  valley 
storage  ccs^ists  of  wetlands  and  flooc^ledns  vhich  provide  significant 
flood  water  retention.  The  stucfy  discusses  methodologies  to  determine 
benefits  including  the  ecological  benefits  of  natural  storage  areas  and 
incorporates  a  case  stu(fy  demcxistrating  the  applicaticai  of  these 
methodologies.  Ihe  stu;^,  vhich  was  conducted  using  a  ccmbination  of 
Federal  and  state  funds,  acccraplished  the  following: 

-  provided  a  review  of  Corps  flood  control  projects 
in  New  England; 

-  described  the  physiceil  characteristics  of  natural 
Vcilley  storage; 

-  summarized  the  Corps'  Charles  River  Natural  Valley 
Storage  Project; 

-  described  methodologies  to  quantify  the  costs  and 
benefits  of  naturcil  valley  storage; 

-  and  using  the  Na^ua  River  as  an  exairple,  cmducted 

a  case  study  ^Aiich  demonstrates  the  e^lication  of  seme  of 
these  methodologies. 

The  Corps  of  Engineers  has  been  very  active  in  providing  flood  control 
measures  in  New  England.  Today  there  are  forty-nine  such  projects  in  the 
State  of  Massachusetts  edone.  Eleven  of  these  projects  consist  of  dams 
and  reservoirs,  that  protect  many  ccraraunities.  A  hurricane  protection 
barrier  is  located  in  New  Bedford.  The  remainder  of  the  flood  control 
projects  are  categorized  as  local  protecticai  projects,  almost  all  of  vhich 
are  structural  in  nature.  The  structural  local  protection  projects 
include  a  dam,  dikes,  flcxxiwalls,  channels,  and  slope  stabilizatic»i.  The 
one  nonstructural  local  protection  project  is  the  C3iarles  River  Natural 
Valley  Storage  Project.  Based  on  the  success  of  the  Charles  River 
Project,  the  Conmimiwealth  of  Massachusetts  requested  the  Corps  to  conduct 
this  sti^  to  Icxdc  at  alternative  methcxiologies  vdiich  ccxild  be  used  in  the 
evaluation  of  natural  valley  storage  projects  in  Massachusetts. 

Natural  Valley  Storage  areas  are  lands  that  have  the  ability  to 
tertporarily  store  flcjod  waters.  Natural  valley  storage  areeis  consist  of 
wetlands  and  flocx%)lains  al<mig  a  lake,  stream,  or  river.  As  flexad  waters 
cfvertep  the  banks  of  the  conveying  waterbex^,  they  ^ill  over  or  flood 
other  adja(3ent  areas.  If  these  surrounding  arecis  exhibit  natural  storage 
abilities,  the  flexxi  waters  became  temporarily  entrapped.  This  temporary 
storage  allcws  for  gradual  release  of  flood  water  vhich  in  turn  reduces 
peak  flcxsd  stage  and  discharge  downstream.  Some  areas  only  store  water, 
vhile  others  both  store  and  exawey  at  the  same  time. 
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A  natural  storage  area's  effectiveness  is  a  function  of  soil  t^pe, 
tc^x^gre^iiy,  and  vegetation.  Lands  consisting  of  soils  that  retain  water 
(sands,  gravels,  and  organics)  are  better  suited  for  natural  storage  as 
exposed  to  land  cenposed  of  soils  that  "shed”  water  (clays) .  Hie  grade  of 
the  land  is  also  a  factor.  Areas  with  ste^  slopes  don't  make  good 
storage  areas.  Those  with  a  flatter  surface  are  more  apt  to  retain  flood 
waters.  Vegetaticxi  directly  impacts  the  roo^mess  of  a  flow  surface 
al^.  Areas  with  much  vegetation  (wetland,  forest)  retard  water  movement; 
vhile  a  paved  area  offers  little  resistance  and  water  escapes  eeisily. 

A  storage  area's  effectiveness  is  also  d^iendent  on  its  locaticxi  in  a 
watershed.  Storage  areas  located  in  the  vpper  portions  (along  1st  and  2nd 
order  streams)  of  a  watershed  tend  to  interact  with  smaller  drainage  areas 
and  flews.  Subsequently,  these  areas,  individually,  tend  not  to  have  a 
major  iirpact  on  flooding  downstream.  Cumulatively  their  effect  is  much 
greater.  A  single  storage  area  alcaig  a  major  tributary  (3rd  or  4th  order 
stream)  tends  to  have  a  greater  individual  impact  cxi  downstream  flooding 
as  these  areas  usually  receive  greater  drainage  areas  and  flows. 

Finally,  natural  valley  storage  is  more  effective  in  reducing  flooding 
vhich  pea]cs  and  recedes  quickly.  The  effect  of  natural  valley  storage  on 
long  duration  flooding  is  usually  less.  In  a  flood,  natural  storage 

causes  a  decrease  in  peak  discharge,  vhich  can  ^proximate  the  reducticai 
between  inflow  and  outflow  experienced  during  the  rising  portion  of  the 
event.  Its  effect  on  long  duration  flooding  is  less  effective  because 
during  such  an  event  storage  capacity  is  maximized  and  inflow  equals 
outflow. 

Natural  valley  storage  areas  not  only  provide  a  nonstructural  means  of 
flood  control,  tut  several  other  potential  values  as  well.  Recreational 
opportunities  often  abound  in  these  areas  in  the  form  of  fishing,  hunting, 
and  hiki^.  Hiis  can  result  in  the  economic  development  of  the 
surrounding  areas,  d^)ending  on  the  nature  and  scale  of  recreational 
usage.  One  of  the  major  reeisons  for  such  recreation  use  is  the  natural 
storage  areas'  attraction  as  a  habitat  for  wildlife.  Natural  storage 
areas  are  often  used  for  agricultural  purposes  or  for  the  harvesting  of 
other  commercial  products  such  as  timber.  Natural  storage  areas  may  also 
provide  such  things  as  educaticml  opportunities,  erosion  control,  water 
quality  treatment,  greundwater  recharge,  habitat  for  rare  species  of 
plants  and  animals,  and  may  enhance  surrounding  proper^  values. 

The  Charles  River  Natural  Valley  Storage  Project  is  an  example  of  the 
use  of  nonstructural  means  to  control  flooding.  The  Corps  of  Engineers, 
as  the  result  of  a  1972  stuefy  recemmendation,  purchased  or  established 
easements  on  8,000  acres  of  land  within  the  Charles  River  Basin.  These 
lands  were  determined  to  be  critical  for  naturally  storing  flood  waters. 
The  prim^  purpose  of  the  project  was  the  reduction  of  future  flood 
damages  in  areas  downstream,  near  Bostcxi.  However,  the  project  also  has 
secondary  purposes  of  recreation,  and  fish  and  wildlife  management.  The 
total  annual  cost  of  the  project  was  estimated  at  $477,000.  The  annual 
benefits  gained  by  the  project  were  estimated  at  $772,000,  of  vhich 
$125,000  was  attributed  to  recreation  and  the  environment.  Today  the 
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Charles  River  NVS  Project  ccartinues  to  serve  eastern  Massachusetts, 
providing  flood  protection  as  well  as  boating,  hiking,  and  fishing 
opportunities. 

A  major  part  of  this  study  was  not  only  to  describe  the  current 
methods  of  determining  the  costs  and  benefits  of  a  natural  valley  storage 
project,  tut  to  go  beycaid  the  traditionaLl  Corps  of  Engineers  economic 
analysis  ard  investigate  cdtemative  methods.  Ihis  involved  first 
reviewing  Corps  of  Engineers  NVS  studies  on  the  Charles,  picket,  and 
Taunton  rivers.  The  annual  costs  in  all  cases  involved  the  purchase  of 
lands  and  or  establishment  of  restrictions  against  development.  Benefits 
for  the  picket  and  Taunton  studies  were  based  solely  on  flood  damage 
reductiOTi,  viiile  the  Charles  River  analysis  incliided  recreation  and 
environmentcil  benefits  as  well.  The  Charles  River  analysis  was  also 
unique  in  that  it  projected  future  increases  in  flood  damages  as  a  result 
of  e}q)ected  future  growth  in  the  flood  prone  areas  edong  the  river.  This 
methodology  was  able  to  be  used  because  of  the  extreme  developmentcil 
pressures  experienced  in  the  early  1970 's.  Similar  assumptions  would  be 
difficult  to  justify  today. 

A  fairly  extensive  literature  search  was  conducted  to  investigate 
other  possible  meldicxis  of  quantising  costs  and  benefits.  A  complete  list 
of  references  is  contained  in  the  bibliogrc^y  following  the  main  r^xart. 
Seme  other  benefit  categories  that  were  considered  beyond  traditioral 
flood  damage  reduction  benefits  were  the  follcwing:  recreation,  flood 
insurance  savings,  recreation  induced  economic  development,  enhanced 
property  values,  water  quality/  erosion  cxmtrol,  groundwater  recharge, 
ccmmercicd  products,  agriculture,  aesthetics,  habitat,  education,  aquatic 
food  chain  sipport,  Icxig-term  carbon  storage,  nonuse  and  total  resource 
values.  The  damage/cost  prevented  car  unit  day  value  methods  were  used  for 
calculating  traditional  benefits.  The  literature  search  reveciled  tiiat 
there  are  other  methods  available  such  as  the  travel  cost  method, 
contingent  value  method,  r^lacament  cost  method,  hedcxiic  price  technique, 
market  revenues  method,  and  ^lergy  analysis  technique.  The  research  did 
not  reveal  ary  new  methodologies  for  calculating  project  costs. 

Finally,  a  case  stuc^  based  cai  the  Nashua  River  was  conducted  to 
deracMTstrate  the  cxjst/benefit  analysis  iiising  the  various  methcxiolc3gies 
investigated.  A  hydrologic  analysis  of  the  main  stem  of  the  River  was 
performed  as  part  of  this  effort.  Over  4,800  acres  of  natural  storage 
areas  were  identified.  Two  damage  conters  located  downstream  from  Oie  NVS 
areas  were  determined.  Scenarios  of  10  and  30  percent  loss  of  storage 
were  analyzed  and  found  to  cause  increases  in  flood  stages  above  existing 
conditions.  For  exanple,  the  100-year  event  flocxi  elevaticais  above  Mine 
Falls  Dam  increased  by  0.6  feet  for  the  10  percent  loss  scenario  and  1.2 
feet  for  the  30  percent  loss  scenario.  Elevaticais  above  Jackson  Mills  Dam 
increased  by  0.7  feet  for  the  10  percent  loss  scenario  and  1.7  feet  for 
the  30  percent  loss  scenario.  These  increases  in  stages  are  a  result  of 
increased  flood  discharge  due  to  the  loss  of  rpstream  NVS.  When  anailyzing 
the  NVS  area  for  the  30  percent  loss  scenario  scKne  encroachment  into  the 
FEMA  designated  floodway  was  assumed.  This  analysis  resulted  in  flood 
stage  increases  of  over  1  foot  throu^cut  much  of  the  NVS  area.  These 
increctses  are  due  to  the  effects  of  reduced  flew  area  and  storage  volume 
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along  with  the  resulting  increases  in  flood  discharge  ceilcaiLated  by  the 
one-dimensiOTial  unsteady  flow  model  used  in  this  stucfy. 

Exanples  of  calculations  to  demonstrate  develcptent  of  annucil  costs 
a^  annual  benefits  were  included  using  gross  estimating  criteria. 

Figur^  developed  were  intended  to  illustrate  cost  and  benefit 

techmgues  but  should  not  be  used  as  a  measure  of  NVS  value 
within  the  case  study  area.  That  detennination  would  require  significant 
additional  investigation.  Demcaistration  level  annual  costs  for  land 
acquisition  for  the  10  and  30  percent  loss  scenarios  and  annual  benefits 
for  flood  damage  reduction,  recreation,  flood  insurance  savings,  and 
commercial  products  are  described.  Gross  values  for  agriculture, 
long-term  carbcai  storage,  wetland  r^laoement,  and  energy  output  were  also 
calculated.  These  values  could  not  be  converted  to  a  oonparable  annual 
form  or  were  found  to  not  be  true  measures  of  a  project  benefit.  For 
exanple,  loss  of  agricultural  lands  may  just  cause  a  change  in  the  goods 
produced  by  the  land  or,  as  in  long-term  carbon  storage,  gross  values 
overstate  potentied  ben^its  as  not  all  the  value  is  lo^  with 
develcpment.  Seme  procedures  like  the  contingent  value  and  r^lacement 
cost  me^ods  were  seen  as  potentially  valuable  tools  for  measuring  benefit 
categories  like  water  quali'ty,  groundwater,  erosion  control,  habitat 
value,  and  total  resource  value.  However,  implementation  of  these  methods 
was  found  to  be  data  intensive,  and  data  was  not  readily  available  during 
the  case  study.  Nevertheless,  these  methods  appear  to  be  viable  and  were 
described  in  detail  for  future  use. 

As  a  result  of  this  stutfy  several  reoonroendaticMTS  were  made.  The 
Cemtnonwealth  of  Massachusetts  should  ccmitinue  to  proceed  alcmig  a  path  of 
providing  protection  of  its  natural  valley  storage  lands  through 
regulations  such  as  the  Wetlands  Protection  Act  and  the  National  Flood 
Insurarjce  Program.  Althou^  this  may  not  oonpletely  address  the  loss  of 
valley  storage  arecis,  in  many  cases  the  proper  enforcement  of 
existi^  Federal  and  state  regulaticHis  can  avoid  the  need  for  outri^t 
acquisition  of  storage  lands. 

The  research  performed  as  part  of  this  investigation  identified 
several  methodologies  that  can  be  used  to  evaluate  the  economic  value  of 
preserving  natural  valley  storage.  However,  as  was  demonstrated  in  the 
Na^i^  River  Case  Stuefy,  cpplicaticm  of  these  methods  can  involve  a 
significant  amount  of  data  collection,  evaluatioi,  and  uncertainty.  This 
r^xort  reoemmends  that  a  preliminary  screening  effort  be  conducted  to 
identic  significant  natural  valley  storage  areas  within  Massachusetts. 
This  screening  effort  should  inclixle:  identification  of  floodplain  areas 
vp^eam  of  large  potential  damage  centers,  a  determination  of  each  areas' 
ability  to  store  floodwaters,  an  evaluation  of  the  areas'  potential  risk 
to  developnent,  and  an  inventory  of  potentially  impacted  natural 
resources.  Risk  to  develcpment  would  include  an  evalxiation  of  the  laws 
and  regulations  protecting  the  areas,  the  historical  amount  of  these  lands 
being  lost  to  development  and  an  evaluation  of  current  and  future 
development  pressures  in  the  region.  Any  detailed  evaluatiemis,  similar  to 
those  described  in  this  r^xart,  should  only  be  conducted  for  those  areas 
vhich  are  shown  to  be  favorable  throu^  the  screening  process. 
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There  ^pear  to  be  several  different  methods  (travel  cost,  contingent 
value,  r^lacement  cost,  market  value)  available  for  quantifying  loss 
traditional  benefit  values  in  planning  studies.  These  methodologies 
should  be  utilized  v^erever  possible.  Corps  of  Engineers'  studies,  given 
the  necessary  information,  could  also  use  these  methods  to  calculate 
benefits,  within  the  guidelines  set  forth  by  regulations. 

The  results  of  the  case  study  identified  a  lack  of  transferable 
information  regarding  the  relationship  between  water  quality  and 
groundwater  recharge  and  the  preservation  of  natural  valley  storage. 
Information  on  this  relationship  exists  in  other  parts  of  the  country,  but 
that  literature  and  its  conclusions  are  not  readily  transferrable  to  this 
region.  Without  an  understanding  of  this  relationship  in  the  Northeast,  a 
benefit  calculation  is  inpossible.  Coordination  with  the  Ihited  States 
Geological  Survey  confirmed  this  lack  of  data.  Further  studies  of  the 
relationships  of  groundwater  and  water  quality  to  natural  storage  could  be 
useful  to  future  NVS  studies.  Based  on  vhat  is  kncwn  new  it  is  apparent 
that  each  site  is  unique  and  needs  to  be  studied  on  an  individual  basis. 
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!♦  INTRCOUCTIOT 


STUDY  AUTHORITY 

This  study  was  cx)nducted  by  the  New  England  Division  of  the  U.S.  Aray 
Corps  of  Engineers  at  the  request  of  the  Ocnraonwealth  of  Massachusetts, 
Eicecutive  Office  of  Environmaital  Affairs.  The  Corps  of  Engineers  was 
authorized  in  the  Energy  and  Water  Develcpment  J^rcpriations  Act  of  1991 
to  conduct  a  Natural  Valley  Storage  investigation  for  the  Commonwealth  of 
Massachusetts  \jnder  the  authority  contained  in  the  Section  22,  Planning 
Assistance  to  States  Program.  The  Section  22  program  authorizes  the  Corps 
to  assist  the  states  in  pr^jaration  of  plans  for  the  develc^anent, 
utilization,  and  conservation  of  water  resources. 

STUDY  PURPOSE  AND  SCOPE 

The  purpose  of  this  study  is  to  research  and  discuss  methodologies  to 
quantify  the  costs  and  baiefits  of  natural  valley  storage  as  a  flood 
control  alternative  to  structural  solutions.  Natural  valley  storage  areas 
are  wetlands  or  floo(%>lains  vhich  provide  significant  flood  water 
retention.  The  stucty  outlines  the  Corps  of  Engineers’  role  in  flood 
control,  describes  the  physical  aspects  of  natural  valley  storage,  and 
discusses  its  application  in  a  detailed  description  of  the  Corps  of 
Engineers'  Charles  River  Natural  Valley  Storage  Project.  The  stucy 
focuses  on  a  discussion  of  the  methodologies  for  determining  the  costs  and 
benefits  of  preserving  natural  storage  areeis.  A  technical  literature 
search  was  conducted  as  part  of  this  effort.  A  case  study,  using  the 
Nashua  River,  is  presented,  vhich  demonstrates  the  aj^lication  of  some  of 
these  methodologies. 

CORPS  OF  ENGINEERS  FLOOD  CONTROL  MISSION 

As  a  result  of  major  flooding  during  the  1920 's  and  1930 's.  Congress 
directed  the  U.S.  Anny  Corps  of  Engineers  to  conduct  extensive  flood 
damage  reduction  plans  for  the  nation.  The  Flood  Control  Act  (FCA)  of 
1936  specifically  states  that  the  Corps  participate  in  water  resource 
inprovements  "for  flood  control  purposes  if  the  benefits  to  vhcmsoever 
they  may  accrue  are  in  excess  of  the  estimated  costs,  and  if  the  lives  and 
social  security  of  pecple  are  otherwise  adversely  affected".  Since  then, 
various  legislation  has  been  peissed  in  order  to  expand  on  the  Corps' 
continuing  mission  of  flood  control. 

The  Flood  Control  Act  of  1944,  the  Federal  Water  Project  Recreation 
Act  of  1965,  and  the  Water  Resources  Develcpment  Act  (WRDA)  of  1986  all 
state  that  recreation  eis  a  project  purpose  will  be  included  as  part  of  the 
planning  and  develcpnent  of  water  resource  projects.  The  FCA  of  1944 
specifically  authorized  the  Corps  of  Engineers  to  constiaict,  maintain,  and 
operate  public  park  and  recreational  facilities  within  reservoir  areas. 
Recreation  features  (i.e.,  campgrounds,  access  roads,  beaches,  swimming 
and  boating  facilities,  hiking  paths,  etc.)  are  to  be  included  as  part  of 
the  projects  to  the  extent  they  do  not  interfere  with  the  project's 
primary  goal  of  flood  control.  Current  Army  policy  also  states 
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that  hi^  priority  be  acjcorded  to  those  projects  that  involve  flood 
control,  commercial  navigation,  and  the  restoraticxi  and  protection  of 
environmental  resources.  Recreation  is  considered  a  low  priority  output 
and,  to  the  extent  that  it  is  used,  effects  the  priority  ranking  of  new 
construction  start  candidates. 

Water  si^jply  augmentation,  as  it  ^lies  to  the  Corps*  flood  ccMitrol 
mission,  is  not  as  liberal.  Hie  Water  SiJjply  Act  of  1958  and  WRDA  of  1986 
state  that  the  Federal  government  may  develop  water  sijpplies  in  connection 
with  water  resource  inprovements  associated  with  flood  control  purposes. 
Specifically,  the  Corps  of  Engineers  was  directed  to  provide  additional 
storage  for  municipal  water  sij^ply  in  reservoirs,  provided  the  non-Federal 
sponsor  pays  100%  of  the  additiraial  cost.  Hie  Water  Pollution  Control  Act 
of  1961  also  directs  the  Corps  to  improve  water  quality  and  streamflow 
regulation  as  part  of  its  flood  control  mission.  Regulations  require  that 
the  non-Federal  sponsor  contribute  25%  of  the  costs  associated  with  water 
quality  iitprovements.  Again,  these  directives  can  be  accorpli^ed  as  part 
of  a  flood  control  project,  but  are  never  the  sole  basis  for  a  project's 
construction. 

Another  feature  included  in  the  Corps'  flood  control  mission  is  the 
conservation  and  improvement  of  fi^  and  wildlife.  Hie  Fish  and  Wildlife 
Coordination  Act  of  1958,  as  amended,  and  the  Federal  Water  Project 
Recreation  Act  of  1965,  as  amended,  state  that  fish  and  wildlife 
conservation  and  improvement  opportunities  be  fully  considered  as  part  of 
Federal  flood  control  or  multipurpose  water  resource  projects.  Again, 
regulations  require  that  the  non-Federal  sponsor  contribute  25%  of  the 
costs  associated  with  fii^  and  wildlife  inprovements.  lypes  of 
inprovements  can  include,  but  are  not  limited  to,  the  following:  fencing, 
selective  cutting,  planting  of  food  cover,  species  relocation,  wetland 
restoration  and  creation,  land  acquisition,  and  aiforoement  of  protective 
regulations.  Regulations  promulgated  under  the  Clean  Water  Act  (Section 
404)  also  insure  that  Corps  projects  minimize  wetland  impacts.  Hiese  and 
the  National  Environmental  Policy  Act  of  1969  ensure  that  wetland 
protection  and  enhancement  are  fundamental  in  the  planning,  design,  and 
construction  of  flood  control  projects. 

TYPES  OF  FLOOD  CONTROL  SOLUTIONS 

Within  a  flood  control  project  there  can  be  one  or  more  project 
purposes.  Project  purpose  refers  to  the  reason  or  reasons  for  vhich  a 
project  was  authorized  or  constructed.  A  single  purpose  project  would  be 
one  viiich  provided  only  flood  damage  reduction,  navigation,  or  shore 
protection.  An  example  of  a  multi-purpose  project  would  be  one  viiidi 
reduced  flood  damages  as  well  as  provide  additional  purposes  of 
recreation,  water  si;^ly,  fish  and  wildlife  conservaticai,  and/or 
hydroelectric  power. 
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within  the  C3orps*  mission  of  flood  control  there  are  two  types  of 
solutions  that  can  be  formulated,  structural  and  nonstructural. 

Structural  solutions  are  those  msasures  that  incl\3de  dams  with  reservoirs, 
dry  dams,  channels,  dikes,  walls,  diversicsi  channels,  ice-ccxitrol 
structures,  and  bridge  modifications.  The  intent  of  these  solvrtions  is  to 
reduce  the  frequency  and/or  the  amount  of  damaging  flows.  NOnstructural 
solutions  must  be  equally  included  as  part  of  the  fonnulatic»i  process. 

Ihe  intent  of  nonstructural  solutic^  is  to  reduce  flood  without 

changing  the  nature  or  extent  of  the  flooding.  Ncsistructural  solutions 
can  include  floo(^jroofing,  permanent  relocation  of  structures,  flood 
warning  and  pr^aredness  systems,  and  purchase  or  regulation  of  floo(%)lain 
lands.  Flooc^xroofing  includes  measures  such  as  elevating  buildings, 
relocating  or  protecting  damageable  property  within  the  building,  sealing 
walls,  protecting  utilities,  tetiporary  or  permanent  closures,  and 
installing  pumps  and  valves.  Flood  warning  systems  usually  consist  of 
gages  that  ’^'etermine  the  extent  of  the  threat,  evacuation  routes  and 
centers,  ana  detailed  neaping.  Ihou^  the  regulatiai  of  floo(%>lain  lands 
is  a  local  responsibility,  the  Corps  can  provide  technical  assistance  and 
guidance  to  local  governments  in  developing  floo(%)lain  regulations  in 
oonjuncticai  with  a  flood  control  project. 

FLOOD  CONTROL  PROJECTS  IN  MASSACHUSETTS 

The  Corps  of  Engineers  has  forty-nine  flood  control  projects  in  the 
State  of  Massachusetts.  Ihey  are  classified  into  three  grotps;  dams  and 
reservoirs,  the  hxarricane  protecticai  barrier  at  New  Bedford,  and  local 
protection  projects.  A  list  of  the  projects  is  i^cwn  in  Table  1. 

Almost  all  the  Corps'  flood  control  projects  in  Massachusetts  are 
structural  soluticxis.  The  loczd.  protecticai  projects,  vhich  provide 
protecticai  to  ^)ecific  cxanmunities,  cx)nsist  almost  solely  of  a  cxaiibination 
of  dikes,  flcxx3walls,  slope  protection,  debris  removal,  and 
channelization.  The  caie  nonstructural  local  protection  project  in 
Ifessachusetts  is  the  Charles  River  Natural  Valley  Shirage  Project  vhich 
cxaisists  of  land  acquisitions  to  preserve  flcxxi  storage  alcaig  the  Charles 
^ver.  There  is  also  a  local  protection  project  on  the  Charles  River  that 
includes  a  dam,  putrping  statical,  and  navigation  Icxdcs. 

All  the  projects  have  an  authorized  project  purpose  of  flood  damage 
reduction.  The  Littleville  Lake  project  also  has  an  authorized  water 
sufply  purpose.  The  Buffuraville  Lake,  East  Brimfield  Lake,  Tully  Lake, 
and  Westville  Lake  projects  have  recreation  features  vhich  v;ere  develcped 
by  the  Corps  under  the  authority  contained  in  the  1944  Flcxjd  Ccaitrol  Act. 

PERTINENT  FEDERAL  AND  STATE  REGULATIONS 

There  are  many  regulations  and  guidelines  that  exist  at  both  the 
Federal  and  state  levels  vhich  pertain  to  the  preservation  of  natural 
valley  storage  areas  (flcxx^lains  and  wetlands) . 
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Federal  regulations  govern  ac±ions  such  as  the  discharge  of  dredge  and 
fill  material  in  wetlands,  the  beneficial  use  of  and  protection  of 
floodplains  and  wetlands,  and  the  provision  of  criteria  for  the  placement 
of  solid  and  hazardous  waste  in  flooc^lains. 

The  Federal  Bnergency  Management  Agency  (FEMA)  is  a  major  participant 
in  ■^e  preservation  of  natural  valley  storage  areas.  FEMA  administers  the 
National  Flood  Insurance  Program  (NFIP),  vhich  was  established  in  1968. 
ISider  the  NFIP,  regulations  were  established  to  protect  flooc^lains,  of 
vhich  natural  valley  storage  areas  are  a  part.  Flood  insurance  studies 
were  conducted  in  ooitimunities  to  determine  the  location  of  these 
flooc^lains,  or  areas  of  sp^ial  flood  hazard.  FEMA  hcis  placed  the 
enforcement  of  NFIP  regulations  vpon  the  individual  states  and 
ccramunities. 

State  regi^ations  include  such  things  as  design  requirements  for 
structures  built  within  the  flooc^lain,  criteria  for  the  placement  of 
landfills  and  treatment  plants  within  the  floodplain,  designation  of 
encroachment  lines  along  waterways  and  the  management  of  activities  within 
those  areas,  protection  of  scenic  and  recreational  waterways,  and  the 
regulation  of  dredging  and  disposal  activities  in  wetlands. 

A  detailed  listing  of  Federal  and  state  regulations  and  guidelines 
that  pertain  to  this  stucfy  is  shown  in  i^pendix  A. 


4 


TABLE  1 

FDJCT)  CXMTROL  PROJECTS  IN  MASSACHUSEITS 


PROJECT  NAME 

DAMS  AND  RESERVOIRS: 

RIVER/BROOK 

RIVER  BASIN 

CXaMJNTIY 

Barre  Falls  Dam 

Ware 

Ocamecticut 

Barre,  Huhbardstxjn, 
and  Rutland 

Birch  Hill  Dam 

Millers 

Connecticut 

Rpyalston,  Winchendon,  Teiipleton 

Buffuniville  Lake 

Little 

Thames 

Oxford  and  Charlton 

Conant  Brock  Dam 

Conant 

Connecticut 

Monson 

East  Briinfield  Lake 

Quinebaug 

Thames 

Holland,  Sturbridge,  Brimfield 

Hodges  Village  Dam 

French 

Thames 

Oxford 

Kni^tville  Dam 

Wfestfield 

Ccainecticut 

Hmtington  and  Chesterfield 

Littleville  Lake 

Westfield 

Ckamecticut 

Chester  and  Haitington 

Tally  Lake 

Westfield 

Connecticut 

Rcyalston  and  Athol 

West  Hill  Dam 

West 

Blackstone 

Uxbridge,  Northbridge,  and  Upton 

Westville  Lake 

Quinebaug 

Thames 

Southbridge  and  Sturbridge 

HURRICANE  PROTECTICW  BARRIER: 

New  Bedford 

— 

(coastal) 

New  Bedford  and  Fairhaven 

LOCAL  FROTECirai  FRCOECTS: 

Adams 

Ifoosic 

Hudson 

Adams 

Alford 

Green 

Housatonic 

Alford 

Amesbury 

Fcwwow 

Merrimack 

Amesbury 

Blackstone  River 

Blackstone 

Blackstone 

Blackstone 

Bound  Brock 

Bound 

(c3oastal) 

Scituate 

Canton 

N^xDnset 

N^onset 

canton 

Charles  River  Dam 

Charles 

Charles 

Boston 

Charles  River  Natural 

Charles 

Charles 

(see  Table  2) 

Valley  Storage 

Chicc^jee 

Cjonnecticut 

Connecticut 

Chicopee 

Chiccpee  Falls 

Chicxpee 

Connecticut 

Chicopee 

Gardner 

Mahon^  and 

Connecticut 

Gardner 

(Greenwood 

Haverhill 

Merrimack  and 

Merrimack 

Haverhill 

Little 

Hayward  Creek 

Hayward 

(coastal) 

Quincy  and  Braintree 

Holyoke 

(jonnecticut 

Connecticut 

Holyoke 

Housatonic  River 

Housatonic 

Hcfusatonic 

Pittsfield 

Housatonic  River 

Housatonic 

Housatonic 

Sheffield 

Huntington 

Westfield 

Connecticut 

Huntington 

Island  Avenue 

— 

(coastal) 

Quincy 

Lee 

Housatonic 

Housatonic 

Lee 

Little  River  Dike 

Little 

Connecticut 

Westfield 

Lowell 

Merrimack 

Merrimack 

Lowell 

North  Adams 

Hoosic 

Hudson 

North  Adams 

North  Na^ua  River 

North  Nashua- 

Merrimack 

Fitchburg 

North  Nashua  River 

North  Nashua 

Merrimack 

Lancaster 

Northampton 

Connecticut 

Connecticut 

Northampton 
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TABLE  1  (Continued) 

FLCCT)  aWTROL  PROJECTS  IN  MASSACHUSETTS 


PROJECT  NAME 

RIVER/BROOK 

RIVER  BASIN 

CCMdNTIY 

LOCAL  EROTECnON  PROJECTS;  (Continued 

Riverdale 

Connecticut 

Connecticut 

Wiest  Springfield 

Saxonville 

Sudbury 

Jferrimack 

Framingham 

Sheffield 

Housatcaiic 

Housatonic 

Sheffield 

Smelt  Brook 

Smelt 

(coastal) 

Weymouth  and  Braintree 

South  River 

South 

Connecticut 

Conway 

Springdale 

Ccamecticut 

Connecticut 

Holyoke 

Springfield 

Camecticut 

Connecticut 

Springfield 

Hiree  Rivers 

Quaboag,  Ware 
and  Qiiocpee 

Connecticut 

Palmer 

Ware 

Ware  and 

Connecticut 

Ware 

West  Springfield 

Connecticut 

Connecticut 

West  ^ringfield 

West  Warren 

Quaboag 

Connecticut 

West  Warren 

Worcester  Diversion 

Hull  and 
Bladcstone 

Blackstcne 

Auburn  and  Milltury 

Leesville  Pond 
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2.  PHYSICMi  DESCRIPTK^  OF  NATTTRAT.  VATICT  ■«7PnPAGE 


HYDROLOGY  OF  NATURAL  STORAGE  AREAS 

Natural  valley  storage  (NVS)  are  areas  within  a  watershed  that  have 
the  c^jacity  to  tenporarily  store  water  during  a  tiine  of  flooding.  NVS 
areas  lasually  consist  of  wetlands  or  f looc^lain  along  some  water  boc^  such 
as  a  pond,  lake,  stream,  or  river.  As  waters  rise  during  a  flooding 
event,  the  water  overtcps  the  banks  of  the  conveying  waterbody,  spilling 
over  into  surrourtding  lands.  If  the  surrounding  topography  as  well  as 
river  slcpe  and  hydraulic  conditions  pemit,  floodwaters  can  become 
tenporarily  entrapped.  This  detenticai  of  water  allows  floodwaters  to 
recede  gradually,  creating  a  lag  and  reduction  in  peak  flood  discharge  at 
the  outlet  or  downstream  of  the  storage  areas. 

A  graphical  r^resentation  of  the  hydrologic  effect  of  NVS  reducing 
peak  flood  discharges  can  be  seen  in  Figure  1.  Ihe  typical  flood 
hydrograph  shows  the  relationship  between  discharge  and  time.  The  hatched 
area  "A”  r^resents  the  amount  of  water  stored  in  a  particular  reach.  It 
is  equal  to  the  hatched  area  ”B”  vhich  r^resents  the  amount  of  water 
released  frcm  the  reach.  As  shown,  the  effect  of  NVS  is  to  cause  a  lag 
and  reduction  in  the  peak  discharge. 

Ihe  greater  the  amount  of  storage  in  a  watershed  the  better  its 
capacity  to  hold  back  floodwater,  release  it  slowly,  and  reduce 
floodflows.  An  example  of  this  can  be  seen  when  the  discharges  of  the 
Charles  River  and  Blackstone  River,  during  the  1955  flood,  are  ccaipared. 
The  Charles  River,  vhich  contains  substantial  amounts  of  storage  area,  had 
a  peak  discharge  of  17.5  cubic  feet  per  second  per  square  mile  (csm) .  Ihe 
Blackstx>ne  River,  vhich  does  not  have  a  significant  amount  of  storage,  had 
a  peak  discharge  of  121  csm. 

Individual  storage  areas  within  a  watershed  usually  ejhibit  differing 
storage  capacities.  The  use  of  flood  hydrographs  enables  the  hydrologist 
to  evaluate  a  storage  area's  capacity  for  handling  floodwaters.  Figure  2 
^ows  two  inflow  and  outflcw  hydrographs  for  storage  areas  "K"  and  "S" 
that  were  analyzed  in  the  Charles  River  NVS  stutty.  Area  "S"  shows  very 
little  change  between  its  inflow  and  outflow  curves.  Therefore,  this 
particular  storage  area  does  not  erfiibit  very  much  natural  stcarage 
capacity.  Area  "K",  on  the  other  hand,  shows  great  changes  between  its 
inflow  and  outflow  curves.  This  area  appears  to  have  significant  storage 
capabilities. 

While  certain  storage  areas  act  like  reservoirs  in  that  they  only 
store  water,  some  also  convey  or  move  floodwater.  This  is  called 
off -channel  storage  and  is  usually  characteristic  along  streams  or 
rivers.  Once  a  river  overflows  into  storage  areas  along  its  banks,  the 
storage  areas  then  become  part  of  the  expanded  river  channel.  The  storage 
area  not  only  retciins  the  water  but  also  moves  it  along  its  way 
downstream.  This  can  sometimes  help  reduce  peak  flood  elevations  in  the 
immediate  flooding  area. 
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Ihe  type  of  storage,  v^ther  reservoir  or  off-channel,  determines  the 
method  xased  in  the  hydrologic  analysis  of  a  storage  area.  Ihe  analysis  of 
reservoir  type  storage  first  involves  estimating  the  inflow  hydrographs 
for  water  entering  a  particular  storage  area.  An  outlet-discharge 
relationship  is  then  developed  usiiig  field  inspection,  historic  hi^  water 
information,  USGS  gauge  data,  and  Flood  Insurance  Studies  as  guides. 
I^^drograjiis  are  routed  throu^  the  storage  area  using  a  flood  hydrograph 
model.  Ihe  resultant  outflow  information  of  the  storage  area  is  routed 
downstream  to  the  damage  area  of  concern.  Ihe  model  is  considered 
calibrated  if  the  carputed  hydrograph  relates  reasonably  well  with 
observed  data  from  previous  flood  events.  Ihe  effects  of  lost  storage  are 
ccamputed  by  assuming  the  outflow  is  equal  to  inflow  in  the  storage  area 
and  then  confuting  the  downstream  results. 

Ihe  analysis  of  off-channel  lype  storage  is  evaluated  differently.  In 
this  case  detailed  cross  sectional  data  of  the  river  and  its  floo(%)lain 
are  needed.  Ihis  can  sometimes  be  obtained  from  the  bacJo?)  information  of 
Flood  Insurance  Studies.  lydrographs  of  the  inflows  and  tributaries  to 
the  storage  area  are  also  needed.  A  one-dimensional  unsteacty  flow  model 
is  then  used  to  route  the  flood  throu^  the  storage  area.  Ihe  model  takes 
into  account  the  storage  areas'  conveyance  capacily  and  a  water  surface 
profile  that  is  sloped.  Ihe  model  is  calibrated  in  a  similar  manner  to 
the  reservoir  method.  Loss  of  storage  effects  are  determined  by  running 
the  model  using  modified  cross  sections  of  the  storage  area. 

Often,  an  NVS  analysis  i:ises  both  of  these  methods  of  hydrologic 
analysis.  A  detailed  e}q)lanation  of  the  NVS  hydrology  and  methods  of 
analysis  can  be  found  in  i^^)endix  C. 

RUNOFF  CHARACTERISTICS 

As  mentioned  before,  the  effectiveness  of  a  particular  storage  area  is 
dependent  on  several  physical  characteristics.  A  natural  storage  area's 
ability  to  retain  runoff  is  related  to  soil  type,  slope  of  the  storage 
area,  and  vegetation  density. 

Infiltration  of  runoff  is  a  factor  in  natural  storage.  Different  soil 
types  are  infiltrated  by  water  in  different  ways.  Sands,  gravels,  and 
organic  soils  are  more  likely  to  absorb  water  and  are  therefore  more  apt 
to  be  the  basis  for  viable  storage  areas.  Clay  type  soils  do  not  transmit 
water  well  and  are  more  likely  to  "^ed"  water  quickly.  Clay  type  soil 
would  indicate  a  lower  potential  for  natural  storage. 

Ihe  grade  of  a  potential  storage  area  is  also  a  factor  to  be 
considered.  If  the  surface  of  the  storage  area  has  a  high  gradient,  vhen 
runoff  occurs,  storage  will  be  minimal.  Ihe  Icwer  the  gradient,  the  less 
chance  floodwater  will  be  conveyed  from  the  site  as  runoff,  and  storage 
will  be  greater. 
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4  Inflow  and  outflow  from  storage  area  "S"  during  the 
1955  flood  from  the  Charles  River  Study. 


Inflow  and  outflow  from  storage  area  "K"  during  the 
1955  flood  from  the  Charles  River  Study. 


FIGURE  2 


Vegetation  can  also  affect  a  storage  area's  ability  to  contcdn 
floodwaters.  Runoff  is  directly  impacted  by  the  roominess  coefficient  of 
the  surface  across  vAiidi  it  flews.  A  surface  covered  with  vegetation  such 
as  a  wetland  or  forest  will  retard  water's  movement  and  serve  to  filter 
sediments  and  pollutants.  A  flooc^lain  area  devoid  of  vegetation  will  not 
retard  flood  waters  ^  well.  Developnent  of  these  natural  storage  areas 
beccanes  ev^  more  critical  as  the  natural  vegetaticai  is  stripped  and 
r^laoed  with  pavement.  A  paved  surface  offers  very  little  frictional 
loss  to  runoff  and  subsequently  has  little  storage  capacity.  Therefore, 
the  altering  of  a  natural  storage  area's  gradient  and  develcpraent  of  the 
land  for  societal  use  can  be  very  detrimental  to  a  watershed's  ability  to 
naturally  store  flood  waters. 

STORAGE  AREA  RELATIONSHIP  TO  WATERSHED 

Within  a  watershed  there  are  a  network  of  brooks,  streams,  and 
rivers.  These  water  bodies  are  often  categorized  according  to  their 
relationship  within  the  water^ed.  First  order  (1st)  streaite  are  small, 
unbranched  tributaries  found  in  the  vpper  reaches  of  a  watershed.  Second 
order  (2nd)  streams  are  larger  and  have  only  1st  order  streams  eis 
tributaries.  Third  order  (3rd)  streams  are  larger  still  and  have  1st  and 
2nd  order  streams  as  tributaries.  A  fourth  order  (4th)  stream  is 
scraetimes  the  largest  drainage  stream  in  the  watershed,  however,  the 
stream  order  may  increase  based  on  the  size  of  the  drainage  system.  The 
Icwer  order  streams  have  smaller  drainage  areas  and  so  naturally  are  low 
flow  tributaries,  conversely,  the  3rd  and  4th  order  streams  are  a 
cumulation  of  lower  order  streams,  cover  a  larger  drainage  area,  and 
convey  hi^er  flows. 

Natural  valley  storage  can  occur  throu^out  a  water^ed,  but  the 
location  of  the  storage  areas  relative  to  downstream  damage  areas  and  to 
the  total  drainage  area  are  important.  The  loss  of  a  particular  storage 
area  along  a  1st  or  2nd  order  stream  will  probably  not  have  a  major  impact 
on  increasing  flood  flows  at  damage  centers  further  downstream,  i-ipcgiipo  a 
low^  order  stream  contributes  only  a  small  portion  of  the  watershed's 
drainage.  However,  it  would  not  be  unreasonable  to  postulate  that  the 
cumulative  loss  of  many  small  storage  areas  along  the  1st  and  2nd  order 
streams  of  a  watershed  could  have  a  greater  effect  on  flood  flows  and 
flood  elevations  downstream.  A  single  storage  area,  along  a  3rd  or  4th 
order  stream  is  more  likely  to  have  a  major  impact  oti  a  downstream  damage 
center  because  of  the  larger  drainage  area  and  higher  flows  that  pass 
throu^.  Of  course  general  statements  of  this  kind  are  caily  that;  each 
storage  area  must  be  eval\aated  on  its  own. 

A  prior  Corps  of  Engineers'  study  of  the  N^»nset  River  (1981) 
indicated  that  the  loss  of  ujper  water^ed  storage  areas  had  little  effect 
on  the  downstream  portions  of  the  watershed.  The  Upper  Neponset  and  East 
Branch  Rivers  contain  1,200  acres  of  surface  area  and  provide  3,000  to 
5,000  acre-feet  of  storage.  The  Fowl  Meadow  reach,  further  downstream, 
has  3,000  acres  of  surface  area  and  provides  15,000  to  30,000  acre-feet  of 
storage.  The  effects  of  losing  the  Neponset  and  East  Branch  storage  areas 
were  generally  limited  to  the  streams  themselves.  Fowl  Meadow,  a  large 
storage  area  alo^  the  Neponset  River,  was  determined  to  be  able  to  absorb 
this  loss  and  still  protect  downstream  damage  centers. 
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IMPORTANCE  OF  NVS  TO  FLOOD  CONTROL 


As  previously  described,  natural  valley  storage  can  and  does  play  a 
significant  role  in  flood  ocxitrol.  Ihe  specific  effect  is  very  site 
specific  and  reguires  detailed  analysis  in  order  to  be  measured.  Ihe 
required  analysis  includes  a  determinaticai  of  the  size  of  the  watershed,  a 
determinaticxi  of  the  totcil  volume  of  imfilled  flondplain,  and  an  anedysis 
of  the  hydrologic  behavior  of  floodwaters  under  existing  and  reduced 
storage  ocxiditicxis.  Ihe  loss  of  natural  storage  areas  can  threaten 
dcwnstream  arects  with  increased  flood  discharge  and  flood  elevations  and 
can  increase  flood  stages  in  IocclL  or  i^jstream  areas.  Sometimes  the 
effect  of  storage  loss  is  not  as  great  cis  originally  e^qpected  because  new 
areas  of  natural  storage  are  sometimes  created  with  increased  flood 
elevations;  lessening  the  inpact  to  downstream  areas. 

Flood  magnitude  and  frequency  play  a  role  in  the  effectiveness  of 
natural  valley  storage.  During  large  volume,  less  frequent  flooding, 
hic^ier  inundation  edcng  the  fringes  of  the  floo(^lain  takes  place.  Ihese 
areas  are  also  the  most  likely  storage  lands  to  be  lost  to  developonent 
because  of  less  strict  regulatory  ocntrols.  More  frequent  flooding  may 
not  reach  these  fringe  areas  due  to  smaller  flood  volumes,  discharges,  and 
lower  elevations.  Ihe  effect  of  losing  the  fringe  storage  areas, 
therefore,  may  not  be  noticeable  until  the  larger,  less  frequent  flood 
events  occur. 

Natural  valley  storage  is  most  effective  in  reducing  flash-t^pe 
flooding  that  peaks  and  recedes  quickly,  as  opposed  to  Icng  duration 
flooding  vhen  discharges  remain  hi^  for  a  Icng  period  of  time.  Change  in 
storage  for  a  particular  area  occurs  as  a  result  of  changes  in  elevation, 
vhich  in  turn  is  a  functic»i  of  change  in  flow.  Ihe  magnitude  of  a  change 
in  storage  area  cxi  outflow  is,  therefore,  d^)endert  <xi  the  rate  of 
floodcrest  rise,  amcunt  of  floo(%>lain  area,  and  flow.  During  rising  flood 
stages,  outflow  from  a  reach  is  less  than  inflow  by  an  amount  equal  to  the 
rate  of  rise  in  stage  multiplied  by  the  storage  area.  Ihe  amount  of 
decrease  between  outflow  and  inflow  peak  is  dependent  cxi  the  nature  of 
flooding.  In  a  fla^-type  flood,  the  reducticxi  of  peak  discharge 
approaches  the  difference  between  inflow  and  outflow  e}$)erienoed  during 
the  rising  porticn  of  an  event.  Lcxig  duratim  flooding  is  affected 
minimally  by  natural  storage  due  to  the  fact  that  inflow  equals  outflow 
once  the  storage  areas  are  filled  to  the  stage  required  to  sustain  peak 
flew.  Figure  3  shews  graphically  different  hydrogrephs  of  the  with  and 
without  storage  oonditican  for  two  different  gauges  from  the  Charles  River 
study.  Ihouc^  not  shewn,  a  loss  of  storage  and  subsequent  increase  in 
discharge  rates  also  translate  into  significant  rises  in  flood  elevations 
and  greater  flood  damages. 

OTHER  VALUES 

Natural  valley  storage  areas  not  only  provide  ncxistructural  means  of 
flood  control,  but  several  other  potential  values  cis  well.  Recreational 
opportunities  often  abound  in  these  areas,  including  fishing,  hunting,  and 
hiking.  Ihis  can  result  in  the  economic  development  of  Ihe  surrounding 
areas,  depending  cxi  the  nature  and  scale  of  recreational  usage.  One  of 
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the  major  reasons  for  such  recreation  use  is  the  natural  storage  areas' 
attraction  as  a  habitat  for  wildlife.  Natural  storage  areas  are  often 
vised  for  agricultural  purposes  or  for  the  harvesting  of  other  commercial 
products  such  as  timber.  Natural  storage  areas  may  also  provide  such 
things  as  educational  cpportunities,  erosion  control,  water  quality 
treatment,  grourdwater  recharge,  and  may  enhance  surrounding  property 
values.  These  and  other  natural  storage  attributes  will  be  discussed  in 
more  detail  later  on  in  this  report. 
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THOUSAND  C.  F.S. 


Hydrographs  at  the  Charles  River  Village  gage 
representing  the  1955  flood  with  and  without 
selected  storage  areas  from  the  Gliarles  River  •  - 
Study. 


Hydrographs  at  the  Waltham  gage  representing 
the  1955  flood  with  and  without  selected  storage 
areas  from  the  Charles  River  Study. 


FIGURE  3 


3.  CHAPT.TS  BTVER  FL£)CD  OOfERDL  PROJECT 


PROJECT  SUMMARY 

■Die  Charles  River  Flood  Control  Project  is  oertciinly  one  of  the  most 
successful  as  well  as  unique  projects  constructed  and  maintained  by  the 
Amy  Corps  of  Engineers.  Ihe  project's  authority  originates  in  a 
resolution  adopted  24  Jxane  1965  by  the  House  Ccmmittee  on  Public  Works: 

"lhat  the  Board  of  Engineers  for  Rivers  and  Harbors  is  hereby 
requested  to  review  the  r^xjrt  cxi  Land  and  Water  Resources  of  the  New 
England  -  New  York  Regiai  printed  in  Senate  Document  numbered  14,  85th 
Coigress,  First  Session,  with  particular  reference  to  the  Charles 
River  Basin  and  tributaries,  Massachusetts,  with  a  view  to  determining 
the  advisability  of  inprovements  in  the  interest  of  flood  control, 
water  simply,  recreation,  water  quality  control,  navigation,  tidal 
flood  control,  allied  purposes,  and  related  land  resources." 

A  two  phase  study  was  cmducted,  the  first  of  viiich  began  in  1967.  Ihe 
Interim  Retxart  on  tha  dia-rifeg  River  For  Flood  Ccntrol  and  Navictation  was 
completed  in  May  of  1968.  This  stucfy  focused  on  the  Lower  Charles  River, 
the  most  urbanized  area  in  the  basin  and  the  area  with  the  greatest  need 
for  flood  protection.  The  second  phase  of  stucfy  focused  on  the  Charles 
River  water^ed  as  a  vhole.  This  study  was  ccnpleted  in  August  1972  and 
is  entitled  the  cha-rlpg  River  Study. 

The  1968  r^xort  reccmmended  the  oonstructicai  of  vhat  is  kncwn  today  as 
the  Charles  River  Dam  Local  Protection  Project.  The  project  is  located  on 
the  Charles  River  between  the  North  End  section  of  Boston  and 
Charlestown.  The  dam  construction  was  initiated  in  1972  with  the  removal 
of  the  Warren  Street  Bridge.  Constructicm  was  ccnpleted  in  May  of  1978 
for  a  total  cost  of  $61.3  million.  Ihe  structure  was  built  using  a 
combination  of  fill  and  concrete  construction.  The  dam  is  400  feet  long 
and  its  elevation  is  12.5  feet  above  the  NationeLL  Geodetic  Verticcil  Datum 
(NGVD) .  A  pumping  station  vhich  houses  six  pumps  to  ocxitrol  pool  levels 
is  also  part  of  the  project.  Three  locks  were  incorporated  in  the 
constructicMi  vhich  allcw  recreation  and  ocmmercicil  navigation  traffic  to 
pass  throu^  the  dam.  The  two  recreation  locks  are  200  feet  long,  22  feet 
wide,  and  8  feet  de^.  The  ccmmercial  lock  is  300  feet  long,  40  feet 
wide,  and  14  feet  de^.  Ihe  project  also  includes  a  boat  facility  for  the 
Metropolitan  District  Ccramission  (MDC) ,  a  small  recreation  park,  a 
visitors  center,  and  a  fish  ladder.  The  project  provides  flood 
protection,  from  both  vpland  and  ocean  sources,  for  about  2,440  acres  of 
prcperty,  worth  an  estimated  $500  millicn.  Since  its  ocnpletion  the 
project  has  prevented  an  estimated  $27.0  millicn  in  damage.  The  project 
is  cperated  and  maintained  by  the  MDC. 

The  1972  r^xa±  reccmtiended  protecting  natural  valley  storage  areas  in 
the  Charles  River  Basin  by  having  the  Federal  government  purchase  the 
land.  The  primary  purpose  of  the  project  was  flood  damage  reduction  but 
secondary  purposes  of  recreation,  and  fi^  and  wildlife  management 
(hiking,  canoeing,  fishing,  hunting. . . )  were  also  achieved.  The  project 
is  known  today  as  the  Charles  River  Natural  Valley  Storage  IToject. 
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The  Charles  River  is  ei^ty  miles  long,  winding  its  way  from  its 
headwaters  in  Hopkinton  to  its  mouth  in  Bostcxi  Harbor.  The  Charles  River 
watershed  is  311  square  miles  in  size,  of  which  over  20,000  acres  is 
swanp,  mar^,  and  wet  meadcw.  Ihe  watershed  is  divided  into  three 
basins:  the  Icwer,  middle,  and  \:$iper.  Ihe  Icwer  basin  was  the  focus  of 
the  Charles  River  Dam  project.  Ihe  middle  and  t^iper  basins  were  the  focus 
of  the  natural  vall^  storage  project. 

Ihe  Army  Corps  of  Engineers  began  purchasing  parcels  of  land  for  the 
project  in  Ifey  of  1977.  Ihe  project  was  ccmpleted  in  S^jtember  of  1983. 
Seventeen  different  areas  have  been  purchased,  totalling  over  8,000 
acres.  Ihe  total  cost  of  the  purchases  was  $9  million  dollars.  Ihe  lands 
purchased  are  located  in  fifteen  different  ccmmunities.  Ihe  purchased 
lands  guarantee  their  ocaitinued  use  as  storage  areas  against  potentially 
damaging  flood  waters  by  protecting  them  from  develcpnent.  A  map  of  the 
watershed  and  the  location  of  project  lands  can  be  seen  in  Figure  4.  Ihe 
corresponding  parcels  by  town  and  acreage  can  be  seen  in  Table  2. 

Table  2 

Natural  Valiev  Storage  Areas 


Stream 

Acreaae 

Communities 

A 

Charles  River 

1,029 

Needham,  Newton, 
Boston,  Dedham 

B 

Trout  Brook 

250 

Dover 

C 

Fuller  Brook 

284 

Needham 

D 

Indian  Brock 

234 

Natick,  Sherbom 

E 

Sewall  Brook 

118 

Sherbom 

F 

Charles  &  Stop  Rivers 

2,340 

Norfolk,  Sherbom, 
Medfield,  Millis 

6 

Bogastcw  Brook 

907 

Medway,  Millis 

H 

Trib.  of  Bogastcw  Brook 

280 

Sherbom 

I 

Dropping  Brook 

130 

Sherbom,  Holliston 

J 

Stop  River 

395 

Norfolk 

K 

Mill  River  (not  purchased) 

360 

Norfolk 

L 

Mine  Brock 

395 

Franklin 

M 

Mine  Brock 

150 

Franklin 

N 

Miscoe  Brook 

.266 

Frarklin,  Wrentham 

0 

Hopping  Brook 

704 

Medway,  Holliston 

P 

Stall  Brock 

180 

Bellin^iam 

Q 

Charles  River 

400 

Bellin^iam 

IWd  criteria  were  used  to  select  the  natural  storage  areas.  Ihe  first 
criteria  was  the  parcel's  hydrologic  performance,  specifically  during  the 
March  1968  storm  (the  event  of  record) .  About  10,000  acres  along  the 
river  were  determined  to  be  si{)erior  storage  areas.  Ihe  second  criteria 
used  was  each  parcel's  size.  Only  parcels  greater  than  100  acres  were 
considered  for  purchase,  as  it  was  determined  that  anything  less  would  not 
be  cost  effective  to  pursue.  Ihe  seventeen  parcels  act  as  a  single 
reservoir  broken  into  w  :-  ‘:j  pieces.  Ihey  act  as  a  unified  system  that 
holds  back  and  "desynchronizes"  flood  waters  "by  routing  them 
sequentially"  from  one  area  to  the  next.  Ihe  identified  natural  storage 
areas  control  about  75%  of  the  Charles  River  storage  c^iacity. 
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Charles  River  Basin 

The  Charles  River  Basin  is  located  mostly  in  eastern 
Massachusetts  and  comprises  an  area  of  3 1 1  square  miles. 
It  has  a  maximum  width  of  14.5  miles  and  a  maximum 
length  of  30  miles. 

The  basin  covers  parts  of  Middlesex,  Suffolk,  Norfolk, 
and  Worcester  Counties. 


FIGURE  4 


Die  project  is  one  of  the  most  successful  uses  of  nonstructural  flood 
control.  Die  project  is  unique  in  that  it  avoids  the  more  typical 
^proadi  of  using  structures,  and  instead  worte  with  the  natural 
characteristics  of  the  waterkied.  Die  nonstructurcil  solution  was  used 
instead  of  a  structural  soluti(^  vAiich  would  likely  have  ccmsisted  of  a 
55,000  acre  reservoir  and  elaborate  system  of  walls  and  channels,  ^Aiich 
would  have  had  hi^  constructiOTi  costs  and  environmental  losses. 

Eaudi  parcel  was  either  purchased  by  fee  or  protected  throu^  easement; 
restricting  building  or  filling.  Purchase  of  the  land  offers  ocnoplete 
control  of  its  use  viiile  easements  can  provide  savings  of  project  costs. 
Eidsting  utilities  were  allowed  to  stay  in  place  throu^  easement.  Today 
the  storage  areas  are  managed  by  state,  local,  or  private  interests  for 
flooding  and  wildlife  purposes,  with  limited  public  access. 

BENEFIT/COST  ANALYSIS  USED  IN  NVS  PROJECT 

In  keepijig  with  the  engineering  philosophy  of  many  parcels  acting  as 
om  reservoir,  the  ecxaicniic  justificaticai  of  the  project  vas  ccaiducted 
similarly.  Die  benefit  to  cost  analysis  was  not  done  on  ary  one  parcel, 
instead,  the  cost  and  benefits  of  the  entire  project  were  ocnpared. 

^e  costs  of  the  project  were  based  strictly  on  real  estate 
acquisitions.  Die  total  first  cost  of  the  project  was  estimated  to  be 
$7,340,000  of  \diich  $7,000,000  was  for  reed,  estate  costs  (purchase  of 
land,  easement  costs,  surviving,  administrative  fees,  eind  contingencies) . 
Die  remaining  $340,000  was  for  engineering  and  design  of  the  work.  Die 
annual  costs  of  the  work  were  determined  based  chi  an  annual  interest  rate 
of  5  3/8  percent  and  were  broken  down  as  follows: 

Table  3 

Annual  Qiarqes  From  (3iarles  River  Study  flOO  year  project  lifel 

Interest  &  Amortization  ($7,340,000  x  .054037)  =  $397,000 

Operation  &  Maintenance  S  80.000 

Total  Annual  Qiarges  $477,000 

Die  benefits  calculated  for  the  natural  valley  storage  project  were 
based  categories  of  reduction  of  flcxxl  damages  and  the  protection  of 
ecological  integrity,  other  benefit  categories  mentioned,  but  not 
quantified  were  groundwater  recharge,  natural  river  flow  during  dreu^t, 
aesthetic  enjoyment,  and,  by  being  included  in  the  Naticaal  Wildlife 
Refuge  System,  si:perior  waterfcwl  breeding  and  recreaticmal  use. 

Die  aoquisiticHi  of  over  8,000  acres  of  wetland  and  flcxx^lain  reduces 
the  chance  of  increases  in  f  Icxxi  damage  due  to  the  loss  of  natural  storage 
areas.  Die  flood  level  used  in  the  benefit  determinaticni  was  four  feet 
above  the  water  le\^ls  eiqperienoed  during  the  1968  event.  It  was 
estimated  that  by  the  year  1990,  30%  of  the  natural  valley  storage 
would  be  lost  to  development.  Diis  would  result  in  an  average  annual 
equivedent  increase  in  damages,  above  the  present  situation,  of  34%.  Diis 
translated  into  a  $647,000  annual  flood  damage  reduction  benefit.  These 
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were  direct  property  losses  to  the  urbanized  areas  of  the  Upper  and  Middle 
basins  and  not  depreciated  property  values  or  rental  rates  due  to  repeated 
flooding. 

Hie  ec^ioniic  analysis  also  included  an  annual  ccxiservation  benefit  of 
$124,800.  TViis  benefit  gain  was  broken  down  as  follows: 

Table  4 

Eooloaical  Benefits  Frcm  Charles  River  Study 


Trout  Stream  Fineries  $  4,200 
Warm  Water  Fisheries  7,500 
Wildlife  Habitat  -  Wetlands  38,800 
Wildlife  Habitat  -  Water  Fowl  Huntirg  45,700 
Nature  Starfy  28,600 

$124,800 


Ihe  toteil  annual  baiefits  of  the  Charles  River  NVS  project  were 
calculated  in  the  1972  r^rt  to  equal  $771,800.  Hiis  figure  included 
$647,000  derived  from  the  prevention  of  future  flood  damages  if  30  percent 
of  the  natural  storage  in  the  basin  were  lost.  Hie  total  $771,800  figure 
also  included  $124,800  in  annual  benefits  attributable  bo  enviranmental 
conservation.  It  should  be  noted  that  the  eool^icad.  benefits  were  not 
accounted  for  separately  in  the  ecc^icmic  ancLLysis  tut  were  considered  to 
be  incidental  to  the  primary  purpose  of  the  project,  flood  ccaitrol. 

The  costs  of  a  project  are  critical  to  determining  \rtiether  the  project 
is  eooncmiccilly  justified.  Ccnparing  the  annucd.  cost  of  $447,000  to  the 
annual  benefits  of  $771,800,  the  project  had  a  benefit-cost  ratio  of  1.7, 
an  economically  justified  project.  Based  on  flood  damage  reaction 
benefits  edcaie,  the  project  was  still  justified  with  a  benefit-cost  ratio 
of  1.5. 


CORPS'  POLICY  REGULATION  CHANGES  SINCE  1972 

At  the  time  the  Charles  River  stut^  was  being  dcaie,  plan  formulation 
was  conducted  under  Water  Resources  regulations  and  policies  very  similar 
to  today's.  Hie  overall  theme  of  these  regulations  was  to  formulate  plans 
of  inprovement  that  were  based  on  the  principle  of  promotdng  national 
eooncmic  development.  Efforts  were  to  include  an  analysis  of  present  and 
future  eppected  economic  ccaiditions  and  the  contribution  the  project  would 
have  on  solving  a  problem  and  promoting  future  economic  growth. 

Based  on  these  regulations,  various  types  of  benefits  were  allowto  to 
be  counted  in  the  planning  assessment.  Hie  first  and  foremost  benefit 
category  used  in  the  justification  of  the  Charles  River  project  was  the 
prevention  of  increased  future  flood  damages.  Hiis  included  the 
prevention  of  flood  damage  to  property,  the  loss  of  business,  heizards  to 
health  and  security,  and  any  measurable  returns  due  to  a  hi^ier  use  of 
property  resulting  from  prevented  flooding.  Recreation  benefits  eillowed 
included  increases  in  the  quality  and  quantity  of  boating,  swimming. 
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canping,  picsilcking,  water  sports,  hiking,  and  sic^t-seeing.  Fi^  and 
wildlife  enhancement  benefits  were  listed  as  a  measure  of  increases  in 
recreational  resource  preservation,  and  ccmmercial  aspects  of  fish  and 
wildlife  resources.  In  the  absence  of  market  prices  for  fish  and  wildlife 
benefits,  a  simulated  val\ae  could  be  derived  thjxu^  the  users' 
willingness  to  pay  for  the  resource,  costs  actually  being  paid  by  users 
for  a  comparable  opportunity,  or  another  justifiable  alternate  cost. 

Regulaticsis  at  the  time  stated  that  the  costs  of  water  resource 
projects  included  the  valiie  of  all  lands,  labor,  and  material  used  for 
constructing  and  maintciining  a  project. 

.  Today,  the  regulations  and  policies  remain  essentially  the  same  as 
those  in  effect  at  the  time  the  Charles  River  Stuify  was  completed. 

However,  the  level  of  detedl  of  these  regulaticais  has  increased,  providing 
greater  esplanaticn  of  how  they  ^ould  be  cpplied  to  the  analyses. 

However,  the  basic  benefit  and  cost  policies  and  guidelines  remain 
unchanged. 


MAJOR  FEATURES  OF  FAVORABLE  CHARLES  RIVER  MVS  PROJECT 

As  was  stated  previously,  there  were  several  major  features  ^hich 
contributed  to  the  Charles  River  project's  favorable  economic  analysis. 

Ihe  first,  and  mi^  important  feature  in  any  Corps  flood  damage  aneilysis, 
is  the  relationship  between  the  stage-damage  function  in  the  basin  and  the 
stage-frequency  functicai.  Ihe  stage-damage  function  for  a  basin  is 
determined  throu^  surveys  of  flood  prone  structures  in  the  basin,  and 
analysis  of  damages  ^hich  could  occur  to  those  structures  over  a  range  of 
d^jths  of  flooding.  Ihe  stage-frequency  function  is  determined  based  on 
hydrologic  data  collected  in  the  basin  and  throu^  the  application  of 
hydrologic  models.  Ihere  is  visually  one  stage-frequency  function 
determined  for  existing  conditions,  and  a  second  stage-frequency  function 
determined  for  the  proposed  hydrologic  change  being  aneilyzed,  such  as  the 
construction  of  a  reservoir  or,  in  the  case  of  natural  valley  storage,  the 
possible  future  loss  of  basin  storage  capacity  due  to  loss  of  wetlands  or 
floo^lains.  Ihe  nost  significant  determinant  of  the  size  of  a  proposed 
project's  benefits  is  the  relationship  between  the  stage-damage  function 
and  the  stage-frequency  functicxis.  In  most  cases  the  magnitude  of  project 
benefits  are  primarily  a  function  of  the  degree  it  is  determined  that  the 
proposed  solution  will  reduce  future  flooding.  If  it  is  determined  that 
the  change  in  hydrologic  conditions  will  be  small  betweai  the  with  and 
without  project  conditions,  then  it  is  also  vinlikely  that  there  will  be 
significant  benefits  to  the  proposed  project.  Also,  if  there  are  not 
significant  flood  damages  in  a  basin,  •  then  it  is  unlikely  that  there  will 
be  significant  benefits  to  a  proposed  project.  Ihe  Charles  River  NVS 
project  was  econcndcally  justified  primarily  because  it  fit  both  of  the 
above  criteria.  First,  the  basin  had  significant  damage  centers  and  a 
history  of  flood  damages,  and  second,  it  was  determined  that  there  would 
be  a  significant  change  in  the  hydrologic  characteristics  of  the  basin 
between  the  without  and  with  project;  conditions.  Vlhile  one  can  examine 
variations  in  ^preaches,  methodologies,  and  policies  in  performing 
analysis  of  natural  valley  projects,  all  of  these  factors  are  secondary  to 
the  hydrologic  characteristics  of  the  basin,  the  engineering 
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deteodnaticMis  made  as  to  how  those  hydrologic  conditions  are  ^qjected  to 
change  in  the  future,  and  hew  a  proposed  project  wculd  inpact  these  future 
hydrologic  cemditions. 

Aside  from  the  hydrologic  characteristics  of  the  Charles  River  Basin 
yiich  were  critical  to  the  determi nation  of  the  benefits  of  the  project,  a 
key  assunption  made  in  the  1972  Charles  River  aneilysis  was  the  projection 
that,  by  1990,  there  would  be  a  30  percent  loss  of  wetlands  in  the  basin. 
Unis  projection  was  made  based  on  the  extremely  hi^  rate  of  growth  that 
had  been  ^perienced  in  the  suburban  Boston  area.  There  was  a  very  large 
amount  of  sipport  for  this  assumption  contained  in  the  report.  The 
anedysis  was  done  at  the  time  of  the  "urban  fli^t"  phenonenoi,  vhen  large 
numbers  of  people  were  moving  fixm  the  cities  out  to  the  sutwrbs,  and  at 
the  time  of  the  huge  growth  in  the  Route  128  industry  belt.  The  growth  in 
the  area  was  urprecedented.  The  analysis  was  also  conducted  prior  to  the 
adoption  of  the  Massachusetts  Netland  Protection  Act,  regulations 
pronulgated  under  Sectican  404  of  the  1972  Clean  Water  Act,  the  National 
Flood  Insurance  Program,  and  Executive  Order  11988.  These  regulations  now 
give  substantial  Federal  protection  to  wetland  resources.  In  addition, 
data  including  aeried  photographs  were  available  vhich  documented  the 
degree  to  vhich  wetlands  were  being  filled.  Hydrologic  analyses  and 
projections  were  determined  to  predict  hew  the  projected  30  percent  loss 
in  storage  would  affect  the  flood  stages  in  the  basin.  The  benefits  to 
the  project  were  determined  to  be  the  difference  in  the  ejpected  future 
annual  flood  damage  losses  if  30  percent  of  toe  storage  were  lost  compared 
to  flood  losses  if  the  storage  areas  were  purchased  and  thus  preserved. 

Another  important  assumption  made  in  the  Charles  River  analysis  was 
that  the  flood  potential  of  toe  basin  was  projected  to  increase  in  toe 
future  based  on  an  expected  future  growth  in  toe  value  of  toe  contents  of 
the  flooc^lain.  As  stated  in  the  r^iort,  the  projected  increase  in  flood 
loss  potential  in  toe  basin  was  based  partly  "due  to  additions  to  existing 
properties,  part  is  due  to  increased  values  of  contents  in  structures  such 
as  color  television  r^lacing  black  and  toite  sets,  and  in  a  land  poor 
area,  part  is  due  to  new  construction  occipying  every  available  piece  of 
land.  All  these  items  are  related  to  toe  increasing  wealth  in  toe  area." 
(p.  H-12,  1972  r^xjrt)  It  should  be  noted  that  the  projecticai  of 
increased  losses  in  toe  basin  based  on  increased  wealth  and  increased 
develcpnent  in  the  basin  came  during  a  time  of  ^ctreme  developmental 
pressures  in  toe  area,  and  also  during  a  time  of  significant  real  inceme 
growth. 

CHARLES  RIVER  NVS  PROJECT  COMPARED  TO  OTHER  CORPS'  STUDIES 

The  Charles  River  Project  is  toe  only  successfully  completed  natural 
valley  storage  project  in  New  England.  Ifcwever,  several  other  studies 
have  been  conducted  by  the  Corps  of  Engineers  that  investigated  toe  use  of 
this  nonstructural  means  to  reduce  flood  damages. 

A  stucty  of  toe  picket  River  basin,  located  in  northeastern 
I^tssachusetts  and  southern  New  Hanpshire,  was  ccmpleted  in  1990.  This 
stuefy  was  a  oomprtoensive  flood  damage  reduction  stuc^,  of  vhich  toe 
examination  of  natural  valley  storage  acquisition  was  cxily  cne  of  a  large 


18 


number  of  both  structural  and  nonstructural  flood  damage  reducticai 
measures  ejcamined.  In  the  NVS  analysis  for  the  picket  River  stut^,  as  in 
the  Oiarles  River  stucty,  benefits  to  be  attained  from  NVS  acquisition  were 
derived  by  ccnparing  the  difference  between  the  e^ipected  future  flood 
losses  if  the  NVS  locations  in  the  basin  were  lost  versus  the  esqpected 
future  flood  losses  if  the  flooc%)lciins/wetlan(as  were  preserved  throu^ 
acquisition.  The  greater  the  amount  of  storage  projected  to  be  lost  in 
the  future,  the  greater  the  benefits  that  would  result  from  preventing 
that  loss  thrcu^  aoquisiti<ai.  For  the  Spicket  River,  the  analysis  was 
done  for  a  range  of  possible  future  losses,  including  10  percent  loss  of 
storage,  20  percent  lo^,  30  percent  loss,  40  percent  loss,  and  50  percent 
loss.  No  definite  projection  for  the  future  loss  was  actu^ly  made;  an 
scenarios  were  examined,  and  under  all  of  the  possible  future  scenarios, 
acquisition  of  the  storage  areas  was  determined  to  be  not  economically 
justified. 

The  totcil  annual  benefits  xmder  the  50  percent  loss  scenario  were 
determined  to  equal  $134,000;  the  hipest  amount  calculated  in  any  of  the 
scenarios.  These  benefits  are  the  result  of  a  complex  relationship  of 
factors  including  the  existing  level  of  flood  losses  in  the  basin,  the 
hydrologic  characteristics  of  the  beisin,  and,  most  irnportantly,  the 
hydrologic  impact  of  a  50  percent  loss  in  natural  storage  on  the  flood 
stages  and  flooding  frequency  in  the  basin.  Since  under  this  extreme 
scenario  (50%  loss  of  the  storage  areas  is  hi^ily  unliJcely)  the  project 
was  not  economically  justified,  NVS  as  an  alternative  was  not  considered 
further. 

itoother  im^rtant  factor  in  the  determination  of  the  eccaicmic 
justificatiOTi  is  the  estimated  cost  of  the  acquisition.  The  cost  of  the 
lands  to  be  acquired  was  estimated  at  $5,000  per  acre.  The  determination 
of  NVS  acquisition  costs,  including  the  costs  estimated  in  the  Spicket 
River  analysis,  will  be  examined  later  in  this  r^xDrt. 

There  were  two  types  of  benefits  vhich  were  taken  in  the  Charles  River 
analysis  vhich  were  not  taken  in  the  Spicket  River  aneilysis.  First,  there 
were  no  environmental  benefits  taken  in  the  Spicket  analysis.  In  the 
Charles  River  amlysis,  the  environmental  benefits  made  ip  16  percent  of 
the  total  benefits.  It  is  important  to  note  that  the  Charles  River 
project  would  have  been  economically  justified  bctsed  on  the  flood  damage 
reduction  benefits  alcxie.  The  Charles  River  analysis  was  done  very  early 
in  the  era  of  environmental  awareness,  and  there  were  no  established 
methodologies  for  claiming  environmental  benefits.  Today,  vhile  there  is 
much  more  environmental  awareness  and  environmental  enhanrement  is  a 
benefit  given  much  attention  in  the  Ctorps,  there  is  still  a  lack  of 
generally  accepted  methodologies  for  quantifying  environmental  benefits. 

It  was  determined  that  even  under  the  most  extreme  future  loss  of  storage, 
50  percent,  the  NVS  alternative  for  the  Spicket  River  was  far  from  being 
economically  justified  based  on  flood  damage  reduction.  It  is  likely  that 
even  with  the  inclusion  of  environmental  benefits,  if  such  benefits  could 
have  been  quantified,  the  project  would  still  have  been  not  eooncmically 
justified. 
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The  second  type  of  benefits  vhich  were  not  taken  in  the  picket  River 
analysis,  tut  were  taken  in  the  Charles  River  analysis  were  the  projection 
of  a  future  increase  in  flood  potential  in  the  basin  based  on  ej^jected 
future  growth  in  the  value  of  the  contents  of  the  floodplain.  The 
increases  inclvded,  as  described  above  in  the  summary  of  the  Charles  River 
analysis;  additions  to  existing  structures,  new  developnent,  and  increased 
value  of  contents  of  structures  due  to  increased  incomes.  There  was  no 
such  p:rojected  increase  in  future  flood  potential  in  the  Spicket 
analysis.  However,  at  the  time  of  the  Charles  River  analysis  in  1972, 
mary  of  the  areas  of  the  Charles  River  basin  were  under  extreme 
develcpnental  pressure  and  in  fact  the  area  has  develc^^ed  extensively. 
Additionally,  it  is  likely  true  that  the  value  of  the  existing  develcponent 
has  eilso  increaised  significantly  over  time,  throu^  additions, 
rehabilitations, and  other  such  inprovanents.  However,  the  period  examined 
in  the  Charles  River  analysis  was  a  period  of  extremely  hi^  and 
urprecedented  growth.  In  contrast,  by  the  time  the  Spicket  River  analysis 
was  done  in  1990,  that  period  of  hi^i  growth  was  past  and  significant 
regulations  had  passed  restricting  developnent  in  floo(%)lains.  Growth 
rates  in  New  England  have  slowed  significantly.  Given  the  current 
economic  climate  in  New  England,  a  significant  increase  in  flood  damage 
potential  is  xmlikely. 

The  Taunton  River  stucfy  was  oxanpleted  in  1978.  In  this  stucty,  like 
the  Sipicket  River  stwK^,  the  natural  valley  storage  option  was  ju^  one  of 
a  number  of  flood  damage  reduction  measures  examined.  The  natural  valley 
storage  analysis  in  the  r^xirt  included  the  examination  of  a  basin-^ide 
natural  storage  acquisition  project  as  well  as  the  examination  of  severaLL 
smaller  parts  of  the  basin.  For  the  basin-wide  NVS  eiltemative,  the 
r^xjrt  concluded  that,  "Basin-^ide  acquisition  of  the  large  swaiips  within 
the  basin  by  the  Federal  Government  is  not  economically  justified  due  to 
the  relative  lack  of  downstream  development  and  the  hi^  potential  of 
flooding  due  to  tidal  influence.”  No  e3q)licit  benefit  or  benefit  figures 
were  calculated  for  this  alternative.  A  previous  stucty,  titled 
"Preservaticxi  of  Natural  Valley  Storage  in  the  Taunton  River  Basin",  was 
pr^jared  for  the  <3orps  by  CME  Associates  in  1975.  This  study,  vhich  was 
referenced  in  the  1978  Corps  r^»rt,  concluded  that:  1)  under  existing 
conditions  of  development  and  natural  valley  storage,  flooding  in  the 
basin  was  not  a  severe  problem;  and  2)  the  existing  regulatory  and 
management  programs  are  adequate  to  protect  the  storage  areas  if  they  are 
effectively  managed. 

TV)d  smaller,  localized  areas  were  examined  further  for  smaller-scale 
storage  acquisition.  The  areas  examined  were  specifically  chosen  as  areas 
vhere  there  would  more  likely  be  hi^er  benefits,  in  that  the  areats 
examined  were  located  near  the  damage  centers  in  the  basin.  The  first 
area  examined  was  the  Salisbury  Plain  Brook  area.  However,  the  majority 
of  the  natural  storage  in  this  area  was  found  to  be  alreacy  owned  by  the 
City  of  Brookton  eis  part  of  D.  W.  Field  Park.  Since  the  storage  area  was 
alreacy  preserved  throuc^  public  (city)  ownership,  there  was  no  economic 
benefit  to  Federal  acquisition.  The  second  area  examined  was  the  Min 
River  Basin.  One  large  wetland  area  in  the  basin,  of  vhich  28  percent  was 
contained  in  the  Mill  River  basin,  had,  at  the  time  of  the  r^xDrt,  just 
recently  been  purchased  by  the  state  of  Massachusetts  cis  a  conservation 
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area.  The  Federal  acxjuisition  of  another  large  wetland  in  the  basin  was 
examined.  Using  an  estimated  cxjst  of  $500  per  acre  for  the  acquisition  of 
700  acres,  a  total  acquisition  cost  of  $350,000,  it  was  determined  that 
the  annual  flood  damages  in  the  basin  would  have  to  increase  by  more  than 
50  percent  in  order  to  justify  Federal  acquisition.  Based  cti  the  existing 
level  of  damages,  the  existing  level  of  developnent,  and  the  likely  future 
development  pressures,  it  was  ccHicluded  that  it  was  unreasonable  to 
project  an  increase  of  50  percent  or  more  in  future  damages  in  the  area 
due  to  loss  of  natural  storage.  Thus,  it  was  concluded  that  Federal 
aoquisiticsi  of  natural  storage  in  the  Mill  River  Basin  was  not 
economically  justified. 

Overall,  the  reason  none  of  the  other  NVS  alternatives  examined  in  the 
Taunton  River  stucfy  were  justified  was  the  overall  low  level  of  flood 
damages  in  the  b^in.  Additionally,  some  of  the  existing  flood  damages 
were  caused  by  tidal  influences,  viiich  wouldn't  be  reduced  by  a  NVS 
project,  ato  thus  could  not  contribute  benefits  toward  justification  of 
such  a  project.  Also,  iirportartt  arecis  of  natural  storage  in  the  basin 
near  the  damage  centers  were  alreacfy  publicly  owned,  making  Federal 
acquisiticai  unnecessary. 

Finally,  a  f looc^lain  management  stutty  of  the  N^cnset  River  was 
coampleted  in  1981  by  the  Corps  of  Engineers.  Qn^  of  the  flood  ccaitrol 
alternatives  considered  was  the  purchase  of  natural  valley  storage  areas. 
However,  an  economic  analj^is  of  this  alternative  was  never  conducted. 
Institutional  analysis  of  the  stutty  area  revealed  regulations  in  place 
that,  if  enforced,  would  provide  substantial  protection  of  the  natural 
storage  areas. 

In  summary,  several  Corps  of  Engineers,  New  England  Division 
investigations  have  examined  the  preservation  of  natural  valley  storage  as 
a  means  to  reducing  flood  damages.  Natural  valley  storage  investigations 
were  conducted  for  the  Charles  River,  Spicket  River,  Taunton  River,  and 
the  N^onset  River.  The  Charles  River  investigation  resulted  in  the 
construction  of  the  Charles  River  Dam  and  Charles  River  Natural  Valley 
Storage  projects.  The  NVS  project  was  economically  justified  due  to  a 
combination  of  hi^  projected  loss  of  storage  lands  and  the  ejqjected 
growth  in  the  value  of  contents  susc^jtible  to  flood  damage.  No 
structural  or  nonstructural  flood  control  projects  were  undertaken  eis  a 
result  of  the  Spicket,  Taunton,  or  N^onset  river  studies.  In  the  case  of 
the  Spicket  River,  natural  valley  storage  was  not  justified  because  the 
costs  of  preserving  storage  lands  outweic^ied  the  flood  damages  prevented. 
In  the  case  of  the  Taunton  River,  natural  valley  storage  Wcis  not  justified 
due  to  a  lack  of  downstream  damage  areas,  the  fact  that  certain  storage 
areas  were  alreacfy  protected,  and  the  existence  of  regulatory  ccxistraints 
that  would  make  development  difficult.  In  the  ceise  of  the  N^x>nset  River, 
natural  valley  storage  was  not  justified  due  to  the  existence  of  land  \jse 
regulations  that,  if  enforced,  would  prevent  the  natural  storage  areas 
from  being  developed 
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4.  CXaSTS  OF  NATORAT.  VATT.FV  .«7mRAr;K 


METHODOLOGIES  AMD  GUIDELINES 

For  a  natural  vall^  storage  project  in  vMch  the  benefits  are 
aciiieved  throu^  outri^t  acquisition,  the  cost  of  the  project  is 
gene^ly  determined  based  on  the  market  value  of  the  land  to  be 
acquired.  Other  ways  in  vdiich  natural  valley  storage  can  be  protected 
include  the  placem^t  of  easements  on  land,  the  placement  of  developnent 
(conservation)  restrictions  on  land,  and  the  use  of  tax  or  other 
incentives  to  induce  private  prcjperty  cwners  to  donate  land  for 
preservaticMi.  The  costs  of  these  other  methods  adiieving  NVS  preservation 
could  be  much  less  than  the  cost  of  aojuiring  all  of  the  prcpertY-  The 
coste  for  these  non-acquisition  methods  may  include  legal  costs, 
administrative  costs,  and  possibly  tax  revenues  forgtaie  if  tax  incentives 
are  ;:>sed  to  encourage  land  donatic»is.  While  these  non-acquisition 
preservatitxi  methods  may  have  lower  costs  than  acquisition,  they  eilso  may 
have  signific^tly  lower  effectiveness  in  preserving  the  natural  valley 
storage.  Their  effectiveness  may  rest  on  the  ability  of  the  town  or  other 
public  entity  to  enforce  building  restricticais,  the  success  of  the 
incentives  to  donate  land,  the  political  climate  in  the  future,  and 
possibly  other  unknown  eccaxanic  and  political  factors. 

Corps  of  Engineers  regulations  concerning  the  determination  of  costs 
for  Corps  projects  are  contained  in  ER  1105-2-100,  ''Bconondc  and 
Environmental  Principles  and  Guidelines  for  Water  and  Related  Land 
Resources  Inplementaticai  Studies”.  Sections  of  the  regulation  that  are 
particularly  relevant  to  estimating  the  costs  of  a  NVS  project  are 
Sections  6-3,  6-4,  and  6-141  throuc^  6-144.  These  regulaticais  are  the 
guidaix^  by  \diich  the  costs  for  a  Corps  NVS  acquisition  project  must  be 
determined.  In  Secticxi  6-144,  the  regulations  state  that,  for  acquisition 
projects,  in  addition  to  the  Corps  regulations  contained  in  ER  1105-2-100, 
the  requirements  of  Public  Law  91-646,  the  "uniform  Relocation  Assistance 
and  Reed  Prcperty  Acquisition  Policies  Act  of  1970",  must  also  be 
followed.  PL  91-646  defines  the  responsibilities  of  any  Federal  agency  in 
acquiring  real  estate.  The  law  was  amended  in  1987  with  the  "Ikiiform 
Relocation  Act  Amendments  of  1987". 

In  general,  ER  1105-2-100  requires  that  the  costs  of  an  acquisition 
project  be  based  on  the  full  fair  market  Vcilue  of  the  real  estate  to  be 
acquired.  Additional  costs  incurred  in  the  process  of  acquiring  the 
prcperty  must  also  be  included,  such  as  legal  costs,  title  transfer  costs, 
and  administrative  costs.  Section  6-144,  paragraph  h.l.  states  that 
acquisition  exists  include  edl  costs  of  acquiring  the  land,  water,  and 
mineral  ri^ts  required  for  installing,  eperating,  maintaining,  and 
replacing  project  measures.  They  include  edl  ejpenditures  incurred  in 
aoguiring  land,  water,  and  mineral  ri^ts,  easements,  leases,  and 
ri^ts-of-way.  Such  costs  include  the  co^  of  the  land,  water,  and 
mineral  ri^ts  minus  salvage  value;  the  cost  of  surveys  incident  to  a 
sale;  legal  fees  and  transfer  costs;  and  severance  payments.  These  costs 
are  based  on  the  current  market  values  and  the  actual  current  costs 
incurred  by  the  Federal  entity  for  carrying  out  similar  land,  water,  and 
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mineral  ri^ts  acxjuisiticais.  Uie  market  value  of  easements  is  on 

the  difference  in  market  value  of  land  without  the  easement  and  with  the 
easement. 

In  additicn  to  the  guidelines  for  reed  estate  acquisiticai,  ER 
1105-2-100  ccaitains  general  guidance  for  the  anEdysis  of  costs  in  ar^ 
Corps  project  being  examii^.  The  regulations  require  that  all  costs  be 
conopared  at  caie  cononoi  point  in  time  and  that  costs  be  COTiverted  to  annual 
equivalent  values  and  spread  over  the  period  of  analysis.  For  most  Corps 
flood  control  projects,  the  period  of  analysis  is  usually  50  or  100  years. 

PL  91-646  requires  that,  in  ary  Federal  or  Federally  funded  project 
vduch  includes  acqi^itic»i  of  real  prqperty,  the  full  fair  market  Vcdue  of 
the  property  be  paid  to  the  property  owner.  Ihe  fair  market  value  should 
be  detemined  throuc^i  eppraisals.  In  additicxi,  PL  91-646  edlows 
relocation  assistance  payments  to  be  made  to  ary  perscn  or  business 
displaced  by  a  Federal  or  Federally  funded  project.  Relocation  assistance 
payments  cover  moving  and  related  esqienses,  title  and  other  legal  costs  of 
purdhctsing  a  r^lacement  dwelling,  and  other  relocation  costs. 

EXAMPLES  OF  COST  ANALYSES  USED  IN  CORPS'  INVESTIGATIONS 

Hie  cost  aralysis  in  the  Qiarles  River  NVS  stucfy  was  based  oti  a  real 
e^te  analysis  performed  by  the  Real  Estate  Divisicai  of  the  New  England 
Divisicai  (NHD)  of  the  Corps  of  Engineers.  Hie  real  estate  analysis  was 
performed  in  aocordanoe  with  PL  91-646  vAiich  requires  that  the  full  fair 
market  value  of  ary  land  to  be  acquired  be  used.  Hie  full  fair  market 
value  was  determined  by  NED's  Reail  Estate  Divisicai  based  primarily  cai 
recent  cxmparable  sales.  NED's  Reed  Estate  Divisicai  personnel  ai-«y> 
examined  the  areas  to  determine  the  physiceil  charac±eristics  of  the  areas 
and  their  uses,  and  edso  obtained  informaticai  &caa  loc:al  real  estate 
brcJcers,  eppraiserc,  and  assessors.  Hie  parcels  of  land  to  be  acxjuired 
were  examined  individucdly  and  the  market  value  of  each  was  determined. 

In  additicai  to  the  market  value  of  the  land,  costs  were  added  cai  to  the 
total  exist  estimate  for  administrative  costs,  severance  damages,  boundary 
marking,  contingencies,  and  engineering  and  design. 

It  was  recxignized  in  the  exist  analysis  of  the  Charles  River  NVS  stucty 
that  seme  property  owners  may,  in  the  actual  inplementation  of  the 
project,  prefer  to  have  an  easement  placed  cxi  their  properly  instead  of 
having  their  property  be  acquired  outri^t.  However,  the  exist  of 
aocjuisiticxi  was  used  in  the  exist  analysis  since  it  was  not  possible  to 
knew  vhich  property  cwners  would  prefer  easements  until  the  actual 
aoquisiticxi  procoss  began. 

In  both  the  Taunton  River  and  picket  River  analyses,  the  acquisition 
costs  were  estimated  throu^  the  use  of  a  general,  per  acre  estimated 
market  value  of  the  land  to  be  acquired.  In  the  Tauntcai  River  NVS 
analysis,  the  acquisiticai  cost  of  the  wetlands  was  estimated  at  $500/acre 
(1978  price  level) .  In  the  Spicket  River  NVS  analysis,  the  aexjuisition 
exist  of  the  wetlands  was  estimated  at  $5, 000/acre  (1990  price  level) .  For 
cotnpari^n  purposes,  even  thou^  the  Charles  River  NVS  cost  estimate  was 
not  derived  throu^  the  use  of  caie  general,  per  acre  exist  estimate,  the 
total  cost  estimate  in  the  Charles  River  analysis  divided  by  the  number  of 
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acres  acquired  yields  a  exist  of  approximately  $870/acre  (1972  price 
level) .  Cenparing  all  three  cost  estimates  in  constant  1990  dollars,  the 
cost  estimates  were  $2, 400/acre  for  the  Charles  River  analysis,  $880/acre 
for  the  Tauntcai  River  analysis,  and  $5,000/acre  for  the  l^iciket  River 
analysis. 

The  scope  of  the  Taunton  and  picket  River  analyses  did  not  eillcw  for 
the  detailed,  parcel  by  parcel  real  estate  analysis  that  was  used  in  the 
Charles  River  anadysis.  However,  the  \inderlying  methodology  for 
determining  the  NVS  costs  was  the  same  in  edl  three  analyses,  in  that  the 
cost  estimates  were  based  chi  estimated  market  values.  The  smaller  scepe 
of  the  NVS  analyses  in  the  Taunton  and  l^icket  River  r^xirts  was  due  to 
the  fact  ■t±at  the  overall  sexpes  of  the  Tauntcxi  and  Spicket  River  r^xDrts 
were  very  large  and  complex,  and  natural  vall^  storage  was  just  one  of  a 
large  number  of  flood  ocatrol  alternatives  examined.  In  the  Charles  River 
r^xDrt,  natural  valley  storage  was  the  cxily  foexis  of  the  r^xsrt.  As  a 
result,  the  sexpes  of  the  NVS  analyses  in  the  Taunton  and  l^icdcet  r^xDrts 
were  much  smaller  than  the  very  detciiled  sexpe  in  the  Charles  River 
analysis.  This  was  a  function  of  the  original  intent,  purpose,  and 
defined  scepe  of  each  study,  and  should  net  reflect  negatively  on  the 
Taunton  and  Spicket  analyses. 

Corps  of  Engineers  guidelines  are  clear  concerning  the  methodology  to 
be  \ased  to  determine  real  estate  costs.  The  full,  fair  market  value 
should  be  used,  and  the  market  value  should  be  determined  based  on 
cxmparable  sales  data.  Nhile  all  Corps  NVS  analyses  follow  this  same 
methodology,  the  level  of  detail  may  differ,  (3ue  to  time  and  funding 
constraints  and  the  scope  of  the  requested  stucty.  The  most  acxxirate  NVS 
acquisition  cx3st  estimate  is  the  result  of  a  detailed  and  thorcu^  real 
estate  analysis  of  the  property  to  be  aexjuired  and  a  detailed  analysis  of 
comparable  sales  in  the  area.  The  NVS  exsst  analysis  is  most  likely  to  be 
very  detailed  and  thorou^  if  the  primary  car  only  objective  of  the  stucty 
is  to  examine  the  feasibility  of  a  natural  valley  storage  project.  If  the 
NVS  analysis  is  just  a  small  porticai  of  a  very  large,  complex  study  with 
multiple  objectives,  it  is  much  more  difficult  to  give  the  NVS  analysis 
the  same  level  of  detail. 

It  should  be  noted  that  in  seme  cases  it  can  be  difficult  to  determine 
the  fedr  market  value  of  parcels  of  land  being  examined  in  an  NVS  stuc^, 
due  to  a  lack  of  available  cxmparable  sales. 

ECONOMIC  BENEFITS  OF  DEVELOPMENT 

The  prevention  of  development  on  existing  natural  retention  areas  can 
have  several  beneficial  inpacts,  including  reduced  flood  damages, 
increased  recreational  opportunities,  and  enhanced  environmental  qualilY. 
The  other  sections  of  this  r^x>rt  adless  and  examine  these  many  benefits 
that  can  be  achieved  by  preserving  natural  vall^  storage  areas.  Hewever, 
in  the  interest  of  examining  all  possible  impacts  of  preserving  natural 
vall^  storage  areas,  it  diould  be  recognized  that  in  scane  cases  there  may 
be  seme  eccHicmic  benefits  brou^t  by  development  vftiich  will  be  foregone  if 
that  development  is  prohibited.  The  economic  benefits  brou^t  by 
development  can  include  increased  economic  activity,  hi^ier  inocmes. 
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hlc^ier  enplqyment  levels,  and  increased  tax  revenues,  in  additicxi  to  the 
benefits  brou^t  by  the  developnent  itself,  vdiether  that  be  satisfying 
demands  fear  housing,  satis^ing  demands  for  new  shopping  areas,  or 
satisfying  a  need  for  additioneQ.  producticxi  facilities  for  goods.  Sudi 
benefits  may  be  lost  if  the  development  is  prevented  because  of  a  natural 
valley  storage  project. 
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5.  BENEFITS  OF  NaiUJRAT.  VAT.T.TV  STORAGE 


CORPS'  POLICIES  AMD  PRACTICES  FOR  BENEFIT  ANALYSIS 

The  caicrent  governing  regulaticai  imder  vhich  flood  control  and  other 
benefit  analyses  are  made  is  Bigineering  Regulation  (ER)  1105-2-100  dated 
28  December  1990.  This  regulation  is  titled  "Booncmic  and  Environmental 
Principles  and  Guidelines  for  Water  and  Related  Land  Resources 
Inplementaticai  Studies”.  It  is  also  kncwn  as  the  "Planning  Guidance 
Notebook"  and  as  "P  &  G".  Particularly  relevant  sections  of  this 
regulation  inclvKie  Chapter  6,  Sections  I  and  IV.  Additionally,  policy 
guides  have  been  written  by  the  Corps  of  Engineers'  Institute  for  Water 
Resources  (IWR)  to  explain  and  e}^)and  vpon  the  regulations.  The  following 
policy  guides  are  c^licable  to  flood  control  studies: 

1.  IWR  Ri^xsrt  88-R-2,  "National  Economic  Developnent  Procedures 
Manual  -  UErban  Flood  Damage",  March  1988. 

2.  IWR  Ri^xort  91-R-lO,  "National  Economic  Developnent  Procedures 
Manual  -  Urban  Flood  Damage  -  Volume  II  -  Primer  for  Surveying 
Flood  Damage  for  Residential  Structures  and  Ccaitents",  October 
1991. 

3.  IWR  Ri^»rt  91-R-ll,  "National  Economic  Developnent  Procedures 
Manual  -  Overview  Manual  for  Conducting  National  Eccancmic 
Developnent  Analysis",  October  1991. 

The  basic  framework  of  Corps  of  Engineers  benefit  analysis  is  the 
Naticaicd.  Ecxancmic  Developnent  (NED)  framework.  NED  benefits  are  defined 
as  increases  in  the  eccaxanic  value  of  the  goods  and  services  tiiat  result 
directly  fnxm  a  project  or,  more  simply,  as  increases  in  National  weeilth. 

A  key  element  of  the  NED  framework  is  that  economic  benefits  are  looked  at 
from  the  national  perspective,  not  from  a  local  perspective.  In  conparing 
alternative  projects,  the  project  with  the  hi^iest  net  NED  benefits,  vihich 
is  feasible  from  an  engineering  stant^xoint,  is  environmentally  sound,  and 
is  publicly  acceptable,  is  identified  as  the  NED  plan. 

Another  fundamentcil  framework  of  Corps  benefit  analysis  is  that  al  1 
ben^its  and  costs  are  ccnpared  in  annual  terms,  or  average  annual 
equiv^ent  values  spread  over  the  period  of  analysis.  The  use  of  annual 
benefits  and  annucLL  oosts  is  standard,  traditiOTal  Corps  policy.  This 
method  ensures  that  costs  and  benefits  are  consistently  ccaipared  on  an 
equal  basis. 

Another  important  concept  in  Corps  project  evalmtion  is  the  use  of 
with  and  without  project  condition  analysis.  All  Corps  projects  are 
evaluated  for  the  with  and  without  project  conditions  over  the  period  of 
analysis,  vhich  is  usiially  50  or  100  years.  The  purpose  of  making  a 
distinction  between  the  with  and  without  project  conditions  is  to  isolate 
the  changes  that  are  projected  to  occur  eis  a  result  of  a  project,  from  the 
changes  that  would  occur  if  the  project  were  not  undertaken.  The  benefits 
to  a  project  are  then  determined  by  aralyzing  and  attempting  to  vedue  the 
differences  between  the  without  project  condition  and  the  with  project 
condition. 
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Ihe  primary  NED  benefit  category  in  flood  damage  reduction  studies  is 
inundation  reduction  benefits.  Inundation  reducticxi  benefits  equal  flood 
damages  that  would  occur  without  a  Federal  project,  tut  that  would  be 
prevented  with  a  Federal  project,  including  physiccil  losses,  income 
losses,  and  emergency  costs.  The  physical  losses  category  includes  a  wide 
range  of  flood  damages  including  damage  to  structures,  loss  of  contents, 
damage  to  roads,  damage  to  vdiicles,  damage  to  utilities,  etc. .  Usually, 
physiccQ.  losses  are  the  primary  type  of  inundati(mi  reduction  benefits. 
Other  raudi  less  common  but  allowable  benefit  categories  include  location 
benefits,  intensification  benefits,  and  ecoplqymert  benefits.  LocatiOTi  and 
intensificatiOTi  benefits  are  related  to  changes  in  land  use  to  hi^er 
valxae  uses  that  could  occur  with  a  flood  damage  reducticm  project. 
Btplcyment  benefits  are  generated  by  the  actual  construction  of  a  project, 
but  are  only  cdlcwable  in  certain  areas  of  hi^  unemployment  as  defined  by 
Oorps  of  Engineers'  regulations  issued  annually. 

BENEFIT  VMiUATION  TECHNIQUES 

Bie  tot2d  economic  value  of  a  resource  can  be  considered  the  sum  of 
two  principcd  ccnpcaients;  personal  use  value  and  nonuse  value  (Turner, 
1991,  Munasin^e,  1992) .  Personal  use  value  has  two  components:  direct 
use  value  and  indirect-njse  value.  As  stated  earlier,  many  of  these 
Vcdiaes,  outside  of  flood  control,  are  incidental  and  cannot  be  \:ised  as  a 
primary  purpose  for  justificaticai  of  a  Corps'  project. 

Direct  use  value  is  the  value  of  products  or  services  produced 
directly  by  a  resource.  Direct  use  values  provided  by 
wetlands/flooc^lains  include: 

o  ocmmercial  fish  and  wildlife  productlcmi 
o  commercial  production  of  timber  and  other  naturcil  products 
(e.g.  peat,  biomass) 

o  consumptive  recreation  (e.g.  fishing,  hunting) 
o  non-oonsunptive  recreation  (e.g.  hiking,  nature  photography) 
o  agriculture  (cropland  and  grazing  land) 
o  educational  opportunities 
o  aesthetics 

Indirect  use  value  is  the  value  of  services  provided  indirectly  by  a 
resource.  Indirect  vise  values  provided  by  wetlands/floo(^lains  include 
various  ecosystem-level  functicais  such  as: 

o  flood  control  (natural  valley  storage) 
o  habitat  value 

o  water  quality  maintenance  (nutrient,  sediment,  and  pollutant 
removal,  stream  tenperature  control) 
o  groundwater  recharge  and  water  sipply 
o  erosicai  control 
o  aquatic  food  chain  support 
o  long-term  carbon  storage 

Ncxiuse  or  "preservation"  value  is  the  value  of  a  resource  unrelated  to 
any  current  direct  or  indirect  use.  Nonuse  value  has  at  least  two 
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ccfttponents:  c^icai  value  and  existence  value  (note:  various  other 
conponents  have  also  been  postulated,  see  Munasinc^,  1991;  Randall,  1991; 
Pearce  and  Turner,  1990) . 

Cption  value  is  the  value  of  potenticil  future  direct  or  indirect  use 
of  a  resource.  Option  value  includes  both  the  value  of  personal  future 
use  and  future  use  by  others  (note:  future  use  value  by  others  is 
scmetimes  referred  to  as  "bequest  value") .  Option  value  is  essentially 
the  willingness  to  pay  (WTP)  to  preserve  the  opticxi  of  future  x^e  of  a 
resource,  and  is  analogous  to  "optical  value"  in  the  reeil  estate  or 
cxamtodities  markets. 

Existence  value  is  the  intrinsic  value  placed  on  a  resource  simply 
because  it  exists.  It  is  completely  ind^)endent  of  ariy  current  or 
potential  future  direct  or  indirect  human  use.  For  exaitple,  kncwledge 
that  a  rare  plant  exists  may  have  value  to  an  individual  despite  the  fact 
that  he/^e  may  never  see  the  plant  or  obtciin  any  other  benefit  from  its 
existence.  Althou^  less  tangible  than  personal  use  value  or  option 
value,  there  is  evidence  that  existence  value  is  real,  and  can  be 
significant  (Pearce  and  Turner,  1990;  Randall,  1991) . 

Various  methods  can  be  used  to  determine  use  and  nonuse  values  of 
wetlands  and  flcxxplains.  The  following  discussicxi  will  fcxus  on 
describing  various  methodologies  that  can  be  used  to  evalxiate  the  benefits 
of  natural  valley  storage. 

Flcxad  Control 

In  calculating  flcxxi  control  benefits,  the  CJorps  of  Engineers  follows 
the  methodology  and  guidelines  that  have  been  develcped  by  the  US  Water 
Resources  C3ouncil.  These  guidelines  are  followed  by  all  Federal  agencies 
involved  in  flcxDd  control  projects,  including  the  D^artment  of  the 
Interior,  the  Soil  Conservation  Service,  and  the  Tennessee  Valley 
Au^oril^.  Based  on  a  review  of  associated  literature  made  in  this  study, 
this  methodology  eppears  to  be  the  only  methodology  for  calculating  flood 
control  benefits.  In  a  few  instances,  flood  control  benefits  calculated 
by  the  Corps,  for  a  particular  site,  were  used  by  others  to  atteropt  to 
estimate  flo^  control  benefits  for  a  different  site.  This  required  very 
broad  assumptions  to  be  made,  and  the  resulting  flood  control  evaluation 
likely  had  a  low  degree  of  accuracy. 

The  basis  of  any  Corps  flood  control  benefit  analysis  is  the  flood 
damage  survey,  m  the  flood  damage  survey,  large  amounts  and  a  large 
variety  of  critical  field  information  is  collected.  The  first  st^  in  the 
damage  survey  process  is  to  identify  the  stucfy  area.  The  100-year 
flocxplain  is  used,  as  a  minimum,  to  define  the  stui^  area  and  all 
structures  located  within  the  f  loocplain  are  included  in  the  damage 
survey.  Once  the  limits  of  the  floocplain  are  identified,  all  of  the 
structures  in  the  flocxplain  are  identified,  counted,  and  categorized. 
Structures  are  generally  categorized  into  one  of  four  categories,  either 
residential,  commercial,  industrial,  or  public.  The  next  part  of  the 


29 


damage  survey  process  is  to  determine  the  elevaticxi  of  each  structure  in 
the  floo(%)lain.  (Xjtaining  accurate  elevaticxi  data  is  crucicil  to  the 
benefit  analysis,  because  it  is  throu^  the  elevaticsns  that  the  damage 
survey  data  is  matched  with  the  hydrologic  data  to  determine  expected 
flood  damages.  Elevaticxis  are  most  accurately  curtained  using  surveying 
equipment  and  known  benchmarks. 

Uie  final  part  of  the  damage  survey  process  is  to  estimate  damages  to 
the  structures  in  the  floo^lain  over  a  range  of  flood  elevati^is.  Ihe 
range  of  elevaticsis  is  usually  ei^ressed  in  cxie  foot  increments  above  and 
below  the  first  floor  elevati^  of  the  structure.  Prc^iable  flood  damages 
are  estimated  for  the  actual  structure,  the  craitents  of  the  structure,  and 
the  grounds  around  the  structure.  Damages  for  each  structure  can  be 
estimated  throu^  various  means  depending  cxi  the  scope  of  the  stucfy.  In 
general,  local  property  owners  are  interviewed,  and  questions  are  asked  to 
determine  the  value  of  building  ccxitents  and  the  effects  of  any  recent 
past  flooding.  This  process  is  usually  most  difficult  for  industrieil 
structures  and  much  less  difficult  for  residential  structures. 

Residenticd.  structures  often  have  much  in  commcxi,  and  damage  data 
collected  in  studies  are  often  ^plicable  to  other  locations.  In 
contra^,  most  industried  structures  are  unique,  have  unique  contents,  and 
often  involve  a  large  variely  of  types  of  damages. 

toce  all  of  the  required  informaticxi  is  collected,  the  stage-damage 
function  or  functiais  for  the  stucty  area  can  be  determined.  The 
stage-damage  functicai  shews  the  dollar  amount  of  damages  that  would  occur 
to  the  structures  at  various  levels  of  flooding.  CDne  aggregated 
stage-damage  functiem  is  determined  for  each  hydrologic  reach  in  the  stucty 
area,  r^resenting  all  of  the  structures  in  the  flooc^lain  in  that  reach. 

Usually,  a  hydrologic  analysis  of  the  basin  is  edso  performed 
TOncurrently  with  the  stage-damage  analysis.  Ihe  hydrologic  anailysis 
includes  a  determinaticxi  of  the  existing  flood  frequency  omditions  in  the 
basin,  and  a  projecticxi  of  the  future  flood  frequency  conditions  that 
would  occur  if  a  CJorps  pjroject  were  constructed.  These  analyses  result  in 
the  determinaticMi  of  stage-frequency  curves  for  both  the  without  and  with 
project  conditicais.  The  stage-frequency  curve  relates  flood  stages,  or 
elevations,  with  eiqiected  probabilities  or  frequencies  of  occurrence.  In 
the  case  of  natural  valley  storage,  the  pxrojected  future  conditicxis  would 
be  ^(diat  would  occur  if  lands  were  not  protected  and  tiie  natural  storage 
c^jaci'^  were  lost.  It  is  the  degree  of  change  in  the  hydrologic 
conditions  between  the  without  and  the  with  project  ccxiditicai,  interacting 
with  the  values  of  the  stage-damage  functim,  v^ch  determine  the 
magnitude  of  the  flood  damage  reducticxi  benefits  to  be  achieved  with  a 
proposed  project. 

The  stage  damage  curve  is  then  combined  with  the  stage— frequency  curve 
in  order  to  derive  the  damage-firequency  curve.  Using  the  damage— frequency 
curve,  the  Ejqiected  Annual  Damages  (EAD)  of  the  flood  zone  can  be 
calculated.  EAD  are  defined  as  the  expected  value  of  flood  losses  in  ary 
given  year.  EAD  are  calculated  by  cenputing  the  area  under  the 
damage-frequency  curve.  The  EAD  value  does  not  mean  that  that  amount  of 
damage  will  occur  in  any  particular  year,  but  means  that,  over  a  long 
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period  of  time,  the  average  amount  of  damage  will  tend  to  ^^proach  tiiat 
amcunt.  Ihe  EAD  figure  r^aresents  the  wei^ted  probabili^  of  occurrence 
of  the  damage  amcunts  at  the  range  of  flood  stages. 

^ing  the  stage-frequency  curves  for  both  the  without  and  with  project 
condi^ons,  the  EAD  for  both  ocmditions  are  calculated.  Die  annual 
benefits  to  the  project  being  examined  equal  the  Vcilue  of  the  difference 
between  the  EAD  without  the  project  and  the  EAD  with  the  project. 

Post  of  Flood  Insurance  Premiums 

Another  benefit  category  to  reducing  flood  damages  could  be  saving  in 
flood  insurance  costs.  Die  Flood  Insurance  Administration,  is  a 

ccnpcxient  of  the  Federal  Eniergency  Management  Agency  (FEMA) ,  administers  a 
nationwide  flood  insurance  program  called  the  National  Flood  Insurance 
Program  (NFIP) .  Generally,  if  a  connunity  decides  to  participate  in  the 
NFIP,  residents  of  the  ocnimunity  vho  are  located  within  the  floodplain 
defined  by  FEMA  are  eligible  to  purchase  insurance. 

If  a  proposed  project  wculd  result  in  sente  houses  or  other  properties 
TO  Icnger  being  located  in  the  100-year  f  looc^ledn  throu^  the  reduction 
in  eipected  flood  flews,  then  there  may  be  savings  to  those  residents  from 
no  longer  having  to  pay  flood  insurance  premiums.  Die  first  st^  in 
ccLLculating  such  benefits  would  be  to  determine  if  the  community  in 
questim  actually  does  participate  in  the  NFIP,  as  not  all  eligible 
cxmimunities  do  participate.  Die  seccxid  step  wcxild  be  to  determine  to  vhat 
degree  the  proposed  flood  control  project  reduces  flood  flows  and  how  the 
limits  of  the  100-year  flooc^lcdn  would  be  changed  with  the  project.  Die 
next  stqp  wculd  be  to  determine  how  many  properties  would  no  longer  be  in 
the  100-year  flocx^lain  with  the  project.  Once  ■Oie  number  of  properties 
affected  is  known,  the  cost  of  flood  insurance  for  each  property  affected, 
a  cost  that  would  no  Icxiger  have  to  be  peuLd  if  the  project  were 
inplemented,  could  be  counted  as  a  benefit:  to  the  project.  Analysts  could 
either  attenpt  to  find  out  the  actual  cost  of  premiums  paid  for  fhngA 
structures  or  could  use  an  average  figure,  d^)ending  on  the  stucy 
resourx^  available.  According  to  information  obtained  from  FEMA,  the 
flood  insurance  premium  for  a  typical  residentied  structure  currently 
averages  $350  per  year. 

In  analyses  performed  by  the  Corps  of  Engineers,  the  complete  premium 
cost  cannot  be  counted  as  project  benefits.  Diis  is  because  changes  in 
the  cost  of  premiums  or  the  number  of  premiums  paid  are  viewed  by  Corps 
^licy  as  transfers  between  individuals  or  businesses,  not  as  any  change 
in  the  net  inccane  of  the  nation.  In  a  Corps  analysis,  only  the 
administrative  costs  incurred  by  the  FIA  oti  a  per  policy  bag-ig  can  be 
counted  as  project  benefits.  Die  amount  of  the  average  annual  per  policy 
administrative  cost  is  publi^ed  in  the  Corps  of  Engineers'  Engineering 
Circu]ar  titled  "Fiscal  Year  Reference  Hardbcxdc".  Die  current 
administrative  cost  to  be  used  for  flood  control  benefits  is  $79  per 
policy.  Die  total  benefits  are  determined  by  multiplying  the  number  of 
properties  that  would  be  protected  by  the  prqposed  flood  damage  reduction 
plan  ty  the  average  annued  administrative  cost  per  policy. 
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Institutional  Posts  of  Increased  Floodpladn  Develognent 


Hiere  nay  be  sente  institutional  cx)sts  of  allowing  development  cai 
flooc^lains,  exists  that  could  be  prevented  throuc^  a  natural  vall^ 
storage  preservation  project,  ^tecific  institutionetl  costs  could  include 
costs  of  a  larger,  more  frequently  needed  flood  insurance  program  tiian 
nd^t  otherwise  be  needed,  exists  of  planning  and  impleanenting  public 
safety  programs,  the  costs  of  planning  effective  evacuation  procedures, 
and  the  cost  of  response  and  recxjvety.  However,  actually  quantifying  the 
value  of  such  institutiexal  costs  would  likely  be  extremely  difficult. 

The  effected  institutions,  such  as  the  Flood  Insurance  Administration, 
innal  police  and  fire  departments,  and  regioned.  emergency  management  and 
civil  defense  agencies,  would  most  likely  be  in  existence  with  or  without 
a  natural  valley  storage  project.  Attempting  to  determine  the  proportion 
by  vAiich  their  operating  costs  would  be  decreased  (Increase  with  no  NVS) 
with  a  natural  vall^  storage  project  would  be  very  speculative. 

Enhanced  Property  Values 

Another  possible  benefit  category  for  a  NVS  project  is  the  enhancement 
of  property  values  for  properties  located  adja<cent  to  a  NVS  or  areas 
created  by  the  project.  Ihis  benefit  category  assumes  that  preperties, 
particailarly  residential  preperties,  have  hi^ier  values  if  they  are 
located  near  NVS  areas.  Properties  located  near  NVS  areas  may  have  hi^er 
preperty  values  than  similar  properties  that  are  not,  due  to  the  benefits 
provided  by  the  area,  such  as  recreation  opportunities  and  the  esthetic 
benefits.  In  order  to  exunt  enhanced  preperty  values  as  benefits  toward  a 
NVS  project,  the  land  use  characteristics  of  the  sta^  area  should  be 
examined,  and  a  reeil  estate  aneilysis  of  properties  in  the  area  ^culd  be 
performed.  If  the  area  has  an  abundance  of  natural  areas,  there- may  be  no 
particular  premim  peiid  for  preperties  near  natural  areas,  and  thus  there 
may  be  no  preperty  value  enhancements  with  an  NVS  project.  If  the  area  is 
predcminantly  urban  or  suburban,  preperties  Icxated  adjacent  to  epen  spacx 
may  have  a  significantly  hi^er  value  than  those  surreunded  by 
develcpment,  and  thus  there  may  be  some  preperty  value  enhancements  with 
the  project.  Hiis  method  of  aralysis  is  often  referred  to  as  the  hedonic 
price  method  (HEM) . 

Recareation 

There  are  three  widely  acx^^ted  methodologies  for  estimating 
recreation  benefits.  The  three  methods  are  the  unit  day  value  method,  the 
travel  cx>st  method,  and  the  ccxitingent  value  method.  All  three  of  the^ 
valuation  methods  are  acxr^ted  fer  use  by  Federal  water  resextree  agenci^, 
including  the  Corps  of  Engineers.  These  different  valuation  methcxiologies 
have  evolved  due  to  the  nature  of  recreational  goods  in  that  recreational 
goeds  usually  have  no  markets  in  the  traditioncil  ecx3nomic  sense,  and  thus 
there  is  usually  no  market  price  for  the  recreaticmial  goods  being 
analyzed.  If  there  were  a  market  pricx,  the  recreaticxial  gexsds  in 
question  exuld  be  valued  at  the  market  price.  The  three  recreaticncil 
methodologies  are  different  methods  of  attempting  to  determine  a 
substitute  for  a  market  price  in  order  to  determine  an  econemde  value  of 
the  recreaticxial  goods.  • 
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The  \anit  day  value  (UDV)  method  is  the  simplest  of  the  three 
recreation  valviation  methods.  With  the  UD7  method,  the  expected  annual 
usage  of  the  recreaticml  site  must  first  be  determined.  If  a  pxposed 
project  is  being  evziluated,  xisage  botdi  without  and  with  the  proposed 
project  must  be  estimated.  With  the  UDV  method,  usage  is  evciluated  based 
on  user-days,  \^ch  are  the  number  of  expected  days  of  i;ise  by  individual 
users.  The  usage  estimates  can  be  made  either  based  on  records  of  past 
\x5e,  through  the  use  of  recreationcil  demand  models,  based  on  \3se  estimates 
iDade  by  knowledgeable  officials,  or  based  on  use  records  at  similar  sites. 
Once  the  expected  iisage  is  estimated,  point  values  are  then  assigned  to 
various  characteristics  of  the  recreational  site.  The  assignment  of  the 
point  values  is  made  based  an  general  guidelines  developed  by  the  Federal 
water  resource  agencies  and  using  the  good  judgement  and  experience  of  the 
analyst.  If  the  analysis  is  comparing  a  without  and  with  project  ccaidi- 
tion,  various  characteristics  of  the  site  mi^t  be  enhanced  with  the 
project.  The  analyst  must  assign  point  values  to  reflect  vhatever  changes 
mi^t  occur  with  the  project.  The  characteristics  evciluated  with  the  UDV 
method  are  the  overall  number  of  activities  available  at  the  recreation 
site,  the  availability  of  similar  recreation  sites  in  the  area,  the 
carrying  capacity  of  the  site,  the  accessibility  of  the  site,  and  the 
environmental  and  esthetic  gualities  of  the  site. 

Once  the  user-day  ^int  vEilues  have  been  assigned,  the  point  values 
are  converted  to  dollar  values  based  on  a  conversion  table  vpdated  yearly 
by  the  Corps  of  Engineers.  The  resulting  dollar  value  is  the  estimated 
value  of  the  recreation  experience  available  at  the  site  for  caie 
user-day.  This  Vcilue  is  multiplied  by  the  toted  armued  usage  estimate  to 
yield  the  estimated  annual  dollar  value  of  the  recreational  site. 

The  advantages  of  the  UDV  method  are  that  it  is  relatively  ea^  to 
use,  can  be  \xsed  without  expensive  and  costly  user  surveys,  and  is  also 
thus  relatively  inexpensive  to  use.  The  disadvantages  of  the  UDV  method 
are  that  its  use  is  d^)endent  on  the  good  judgement  and  experience  of  the 
analyst,  the  point  and  dollar  vedues  used  are  somewhat  arbitrary,  and  the 
recreationed  values  are  not  developed  throu^  a  site-specific  analysis. 

The  travel  cost  method  (TCM)  uses  the  ^penditures  made  by  site  users 
in  traveling  to  a  recreational  site  as  a  way  of  estimating  the  value  of 
the  site  to  the  users.  With  the  travel  cost  method,  as  with  the  UDV 
method,  the  expected  use  of  the  recreational  site  must  first  be 
estimated.  Once  the  usage  for  the  site  is  estimated,  the  value  of  that 
use  is  then  estimated  using  the  travel  costs  incurred  by  users  as  a 
substitute  for  market  prices. 

TVro  ccmpOTients  of  travel  cost  are  used  to  determine  the  total  value  of 
the  travel  cost.  The  tuo  ccsooponents  used  are  the  variable  costs  of 
operating  an  automobile  the  distance  travelled  to  the  site,  and  the  value 
of  the  time  xxsed  in  the  travel.  The  per  mile  variable  costs  of  operating 
an  automobile  can  be  estimated  dirOCtly,  or  can  be  obtained  from  the 
D^xartinent  of  Transportation  or  the  Interned  Revenue  Service  (IRS) . 
D^)ending  on  the  exact  source  or  methodology  used,  current  per  mile 
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autcsotidbile  operating  costs  have  been  estimated  at  $.20  to  $.28  per  mile. 
The  value  of  the  travel  time  is  more  difficult  to  estimate  than  the  per 
mile  vdiicle  costs.  There  has  been  and  continues  to  be  sane  disagreement 
among  academics  and  analysts  as  to  the  proper  way  to  value  this  time.  One 
acc^ited  method,  and  the  method  described  in  Corps  of  Engineers 
guidelines,  is  to  valvie  the  time  at  one-third  of  the  average  manufacturing 
wage  in  the  stucty  area.  Different  analysts  have  presented  arguments 
yielding  time  valuaticns  ranging  from  10  percent  to  100  percent  of  the 
local  average  wage. 

In  general,  a  TCM  analysis  assumes  that,  at  least  to  some  degree,  the 
frequency  of  use  for  different  users  will  be  related  to  the  distance  they 
must  travel,  and  thus  the  travel  costs  th^  incur,  to  get  to  a 
recreational  site.  Users  vho  live  closer  to  the  site  will  be  more  likely 
to  use  the  site  more  often  than  those  vho  live  far  from  the  site.  The 
travel  distance,  travel  time,  and  frequency  of  use  data  required  for  a  TCM 
analysis  must  be  collected  throu^  surveys  or  questionnaires  of  actual 
site  iisers. 

With  the  travel  cost  method,  the  relationship  between  the  frequency  of 
use  relative  to  the  travel  distance  is  used  to  estimate  a  demand  curve  for 
the  recreation  site.  This  demand  curve  would  xise  the  Ccilculated  travel 
costs  as  a  substitute  for  actual  market  prices.  Total  travel  costs  are 
calculated  based  oi  the  travel  data  collected,  the  per  mile  vehicle 
operating  costs,  and  the  dollar  valvie  of  the  time  spent  traveling.  The 
total  value  of  the  recreation  vise  can  then  be  estimated  by  calculating  the 
area  vmder  this  demand  curve.  Further,  more  detailed  descriptions  of  the 
travel  cost  method,  and  more  oonplete  e}q)lanations  of  the  economic  theory 
behind  demand  curve  analysis,  are  b^cnd  the  scope  of  this  r^)ort.  If 
more  infonnation  or  e}q>lanaticHi  is  desired,  please  refer  to  the 
bibliography  at  the  end  of  this  r^ort. 

The  primary  dharacteristic  of  the  contingent  value  method  (CVM)  is 
that,  in  a  CVM  analysis,  the  users  are  a^ed  to  actually  estimate  their 
own  dollar  valuations  of  the  recreatiaial  site.  The  total  dollar  value  of 
the  recreatioial  site  is  then  calculated  based  oi  the  actual  viser 
valviations.  The  user  valuatiois  required  for  a  CVM  analysis  are  obtained 
throu^  direct  questioning  of  actual  site  visers,  either  through  mail 
questionnaires,  tel^iione  interviews,  or  in-person,  on-site  interviews. 

The  surv^  questions  are  typically  quite  esctensive,  and  are  designed  in 
such  a  way  that  a  hypothetical  nerket  for  the  recreational  good  is 
established.  The  users  are  then  asked  various  bvy,  sell,  or  trade 
questicans  in  order  to  estimate  the  value  at  vhich  the  viser  values  the 
site.  A  set  of  exanple  survey  questions  are:  "Would  you  pay  $3.00  per 
day  to  vise  this  site?  If  yes,  would  you  pay  $4.00  per  day?  If  yes,  would 
you  pay  $5.00  per  day?".  These  types  of  questions  are  reseated  vmtil  the 
respondent  says  no.  Then,  the  last  value  to  vhich  the  respcaident  said  yes 
is  the  valvie  at  vhich  that  respondent  values  the  recreational  site. 
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Like  the  other  two  valuation  methods,  the  contingent  value  method  also 
requires  the  e}q)ected  usage  of  the  site  to  be  estimated.  The  total  value 
of  the  recreation  at  the  site  is  then  estimated  by  multiplying  the 
estimated  visage  by  the  dollar  Vciluaticai  determined  by  the  contingent 
valuaticai  survey. 

Of  the  three  recreational  valuaticai  methods,  the  ocxitingent  Vcilue 
method  is  in  most  cases  th.e  most  difficult  and  costly  method  to  use, 
primarily  due  to  the  difficulties  and  extensive  time  involved  in 
designing,  testing,  and  executing  a  successful  CVM  survey.  Althou^  the 
travel  cost  method  also  requires  surveying  site  users,  there  are  visually 
much  fewer  and  much  simpler  questicns  in  TCM  survey  ocnipared  to  the 
questions  required  for  a  CVM  survey. 

Recreation-Induced  Regional  Econcntic  Develocment 

Recreation-induced  regional  econcndc  develcpnent  is  a  benefit  category 
vhich  may  occur  as  the  result  of  a  natural  valley  storage  project  if  the 
NVS  project  creates  or  preserves  an  NVS  area  vhich  both  is  ocnducive  to 
recreational  vise  and  successfully  attracts  such  use.  Assuming  the  MVS 
area  is  used  or  voild  be  used  for  recreaticxi,  recreaticxial  users  can  bring 
economic  stimulus  to  the  area's  economy  as  they  purchase  sv^plies,  food, 
gasoline,  and  other  goods  at  area  retciil  establishments.  These  purchases 
increase  the  income  of  those  businesses,  helping  the  local  ecoricny.  These 
ejqienditures  then  also  work  their  way  throu^  the  area's  econcny,  as  those 
businesses  are  then  able  to  purchase  more  &cm  other  businesses,  and  then 
those  businesses  are  able  to  purchase  more,  and  so  on.  The  net  effect  on 
the  area's  econcny,  known  as  the  multiplier  effect,  will  be  an  increase  in 
the  total  inccme  and  employment  of  the  region.  The  total  ccxitribution 
made  by  the  recreational  ejqjenditures,  including  the  multiplier  effects, 
would  equal  the  dollar  valvie  of  the  regioncil  ecOTxmic  developnent  benefits 
provided  by  the  storage  areas. 

Before  recreation-induced  regional  econcndc  developnent  benefits  can 
be  claimed,  an  analysis  ^ould  be  performed  on  the  level  of  recreational 
demand  and  the  levels  and  types  of  recreational  use  in  the  stu£^  area.  If 
it  is  determined  that  there  would  be  an  increase  in  recreational  use  with 
a  NVS  project,  than  the  amount  of  the  increase  should  be  estimated.  Then, 
the  amount  of  local  esqjenditures  typically  made  by  users  of  the  type  of 
recreational  resource  involved  should  be  estimated.  This  type  of 
information  can  be  found  in  local,  regional,  state,  and  scmetimes  Federal 
agency  analyses  and  publications,  althcu^  a  significant  amount  of 
research  effort  may  be  involved.  Once  the  typical  expenditure  figures  are 
obtained,  then  this  figure  should  be  multiplied  by  the  estimated  increase 
in  visage  projected  with  the  NVS  project.  The  resulting  value  would  be  the 
total  direct  increase  in  e?q)enditures  in  the  local  area  that  would  occur 
with  the  project.  Qnca  the  direct  econcndc  effects  are  determined,  the 
multipid^  effects  must  be  estimated.  This  st^  involves  primarily 
determining  vhat  the  valvie  of  the  eccmcmic  multiplier  is  for  the 
industries  and  region  being  examined.  Determining  the  valvie  of  ecxxxmdc 
multipliers  requires  ccxisiderable  ejqjertise  in  regional  economics.  Once 
the  value  of  the  multiplier  is  determined,  the  toted,  econcmic  impact  of 
the  recreaticai  on  the  region's  ^conemy  can  be  estimated. 
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Miile  regional  econcndc  developnent  benefits  can  be  significant  and 
extresooely  important  to  local  ccninunities.  Corps  of  Engineers  regulations 
do  not  allow  the  use  of  regional  benefits  in  Corps  benefit-cost  analyses. 
Corps  guidelines  require  Corps  ancilyses  to  look  at  all  projects  from  a 
naticxial  per^)ective,  not  a  regioncd  perspective.  Corps  guidelines  view 
regional  effects  as  transfers  from  one  region  to  another,  not  as  increases 
in  national  income.  Specifically,  Corps  guidelines  would  view  the 
e}q)enditures  made  by  recreaticncd.  users  in  one  region  as  transfers  from 
another  region  because,  if  the  recreational  resource  was  not  available  in 
tbe  first  region,  the  lasers  would  most  likely  spend  the  same  in 
expenditures  at  a  different  oreoreational  site  in  a  second  region.  Ihere 
would  be  a  transfer  in  incxsne  from  the  first  region  to  the  second  region, 
but  there  would  be  no  change  in  national  income.  Corps  guidelines  require 
that  only  changes  in  nationcil  income  can  be  oxunted  as  project  benefits, 
and  thus  the  Coorps  cannot  include  regional  ecxncmic  developnent  benefits. 

Educational  Value 

Educational  value  of  natuoal  resources  has  rarely,  if  ever,  been 
quaoitified,  but  oxxild  be  estimated  using  either  the  contingent  value 
method  oar  travel  cxost  methoois  (see  oocreaticn  section) . 

Water  Quality 

Water  quality  inprovements  induced  by  natural  valley  storage  include 
settling  of  suspended  material,  and  usually  reductions  in  oar  storage  of 
organicos,  nutrients,  and  metals.  Both  flooc^lains  and  wetlaoids  promote 
settling  of  suspended  solids  due  to  their  gentle  slopes  and  lew 
flcw^throu^  velocities.  Ihe  slcwer  the  water  movement  and  Icnger  the 
hydraulic  detention^  times  of  these  storage  areas,  the  more  suspended  - 
materials  settle,  promoting  hi^ier  quality  waters  downstream.  Suspended 
sediments  adsorb  metals,  nutrients,  and  oorganico,  and  these  comistituents 
may  be  tenpoorarily  immobilized  or  permanently  lost  viien  the  sediments 
settle.  The  seciiments  sometimes  resuspend  during  oiisturbances  such  as 
storms,  or  release  the  absorbed  materials  reintrcxiucing  them  into  the 
water.  However,  the  accretion  rate  of  sediments  may  prevent  resuspension 
causing  permanent  immobilizaticai.  The  amount  of  settlioig  and  rate  of 
accretion  is  hi^ily  site  and  time  specific,  d^oending  on  hydrologic 
characteristics,  soil  types,  bopogir^hy,  in-stream  water  quality, 
vegetation,  etc. 

A  wetland  can  also  improve  water  quality  thorou^  biological  and 
chemical  processes  in  its  soils  and  plants.  Wetland  sediments  are  usually 
anaerobic  due  to  their  ocxatinuously  inundated  state.  Nitrification  and 
denitrificoation  processes  in  the  water  column  remove  most  nitrogen  from 
overlying  waters.  Plants  take  i?)  nitrogen,  and  to  a  lesser  degree, 
phosphorus,  losually  at  significant  rates  during  the  growing  season. 
Hewever,  a  porticsi  of  these  nutrients  are  zeleased  i:p(mi  decay.  Meted,  and 
'  organic  contaminant  loads  of  influent  undergo  chaoige  as  th^  pass  throu^ 
wetlands  as  well.  A  wetland  eexosystem  may  tenporarily  store,  utilize, 
export,  or  transform  these  constituents  due  to  its  cenplex  chemical  aoid 
biochemical  envircaiment.  A  wetland  that  takes  in  or  traoisforms 
constituents  purifies  the  water  as  it  passes  throu^.  On  the  other  hand. 
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a  wetland  that  es^rts  more  constituents  than  it  takes  in  contributes  to  a 
poorer  water  quality  effluent.  A  wetlands  ability  to  act  as  a  source  or  a 
sink  d^jends  on  hydrologic  characteristics,  vegetatiai,  sediments/soils, 
and  microbiota  (Elder,  1987) . 

Many  studies  have  been  conducted  regarding  the  value  of  wetlands  as 
nutrient  sinks.  Tilton  et  al.  (1978)  studied  the  role  of  wetlands  in 
iiiproving  water  quality  and  found  nitrate  and  nitrite  nitrogen,  total 
dissolved  phosphorus,  and  ammonium  removals  of  99,  95,  and  71  percent, 
respectively.  Furthermore,  they  found  decreases  in  t^bidity  and 
suspended  solids  between  inflow  and  discharge  stations.  German  (1989) 
found  a  36  percent  decrease  in  nitrogen  and  33  percent  decrease  in 
Bosphorus  by  a  natural  wetland  system.  Bie  Corps  of  fhgineers  Waterways 
E>q)eriment  Statical  compiled  data  from  several  wetland  studies  (some  from 
Massachusetts)  in  the  Northeastern  Iftiited  States  and  found  cases  vAiere 
wetlands  acted  a^  sources,  sinks,  and  transformers  of  nutrients  and  heavy 
metals  d^)ending  on  the  particular  wetland  system. 

Since  many  wetlands  act  eis  nutrient  sinks,  they  have  been  successfully 
used  to  treat  secondary  effluent,  storm  water,  and  agricultural  runoff. 
Removals  of  60  to  90  percent  suspended  solids  and  40  to  90  percent 
nitrogen  from  secondary  effluent  have  been  observed  in  various  studies 
(Crites,  1988) .  Kadlec  and  Alvord  (1989)  demonstrate  the  Houston  Lake 
wetland  treatment  system  in  Michigan  consistently  treated  over  400,000 
cubic  meters/yr  of  secxndary  municipal  wastewater  to  96  and  97  percent 
removals  of  total  ihosphorus  and  ammonium  nitrogen,  respectively,  over  an 
11-year  period. 

One  interesting  feature  of  seme  natural  valley  storage  areas  is  the 
riparian  buffer  strip.  A  buffer  strip  is  usually  a  forested  area  cilong  a 
stream's  edge,  on  the  order  of  10-40  meters  in  width.  These  buffer  strips 
have  been  fexmd  to  be  adequate  in  providing  varicxis  riparian  functicais  eis 
it  pertains  to  water  quality.  Shade  from  trees  provides  teirperature 
control  of  the  stream's  water.  They  also  have  been  shown  to  effectively 
reduce  the  amount  of  suspended  sediments  in  surface  runoff.  Seme  studies 
indicate  buffer  strips  have  the  capacity  to  remove  sediments  and  certain 
nutrients  and  that  the  ri^t  size  buffer  strip  can  provide  valuable 
habitat  for  plants  and  animals. 

The  r^lacement  cost  method  (RCM)  evaluates  water  quality  benefits 
gained  from  natural  valley  storage  by  equating  them  with  the  cost  of  a 
replacement  project,  providing  the  same  service  to  society.  Water  quality 
services  that  wetlands  can  perform  include  tertiary  treatment  of  secondary 
effluent  and  treatment  of  storm  water  and/or  agricultural  runoff.  Most 
reviewed  literature  focuses  cai  wetlands,  and  it  e^pears  that  few 
researchers  investigated  water  quality  benefits  derived  from  non-wetland 
natural  valley  storage  areas.  Detailed  studies  have  been  conducted  to 
determine  a  wetland's  ability  to  assimilate  nutrients,  or  perform  tertieiry 
treatment.  The  amount  of  nutrients  removed  or  absorbed  by  a  wetland  is  > 
generally  determined  by  ccatparing  nutrient  concoitrations  from  inflow  and 
outflow  data. 
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Water  quality  benefits  derived  from  the  r^laoeanatt  cost  technique  are 
usucdly  used  with  other  techniques  to  provide  an  overall  value  of  the 
mtural  valley  storage  area.  Gosselihk,  amcxig  other  researchers, 
incorporated  r^laoeroent  costs  in  a  technique  ceLLled  energy  analysis, 
vhich  is  a  total  resource  e^proach  for  estimating  a  wetlard's  worth.  It 
establi^es  the  social  value  of  the  wetland  in  tenrs  of  the  arrount  of 
energy  it  provides.  Par  this  anedysis,  Gosselihk  identified  four  grxxqps 
of  benefits  for  vhich  dollar  values  were  estimated,  csie  grocp  was  sewage 
waste  cissimilaticxi  (Luzar  and  Gan,  1991) . 

Usi^  this  analysis,  Gosselihk  determined  that  the  per  acre 
c^italized  value  of  sewage  waste  assimilation  performed  in  a  particular 
wetland  Weus  $50,000  (1974  costs) ,  based  on  the  edtemative  cost  of 
conventiaial  tertiary  treatment  (Luzar  and  Gan,  1991) .  Ihis  was 
equivalent  to  an  annualized  cost  of  $3,000/acre.  In  1973,  Gosselihk, 

Odum,  and  Pope  oowerted  sewage  effluent  loading  results  of  phosphorus 
into  an  annual  dollar  Vcdue  of  $480  per  acre  by  epplying  an  alternative 
cost  of  $1.20  per  pound  of  pho^horus  removal  by  oonventicxicil  infathndg 
(Park  and  Batie,  1979) .  Using  this  same  technique.  Bender  and  Oorrell 
converted  their  effluent  loading  results  to  an  annual  dollar  value  of  $158 
per  acre  of  wetland  for  pho^horus  removal  (Park  and  Batie,  1979) . 

luzar  and  Gan  (1991)  sunmarize,  in  detail,  the  limitations  involved  by 
using  the  replacement  cost  methodology  (as  part  of  the  energy  analysis) , 
ccxicludi]^  that  it  tends  to  overestimate  the  value  of  wetlands  by  not 
considering  factors  such  as  human  demand  for  natural  system  services.  In 
other  words,  society  must  be  willing  to  pay,  at  a  ininimum,  the  cost 
associated  with  the  alternative  method  for  the  particular  service  (water 
quality  improvement)  the  wetland  provides  (Park  and  Batie,  1979) .  If 
surface  water  discharge  criteria  requires  oily  seccmdcary  treatment  of 
wastewater,  then  a  wetland  receiving  secondary  discharge  and  functioning 
as  a  tertiary  treatment  facility  may  not  be  hi^ily  valued  by  the  public 
for  that  functicxi.  Another  significant  limitaticn  is  that  cost  figures 
identified  above  are  caily  reliable  for  the  ^jecific  wetland  studied,  and 
cannot  be  generalized  to  ^ply  to  other  wetlands  or  naturel  valley  storage 
areas.  Valuaticxis  are  hi^ily  site  ^jecific,  since  the  degree  of 
sedimaTtaticai  and  assimilation  of  nutrients,  organics,  and  n^tais  varies 
greatly  for  each  different  natural  valley  storage  area  (Park  and  Batie, 
1979) .  Extensive  data  oollecticai  at  inflow  and  discharge  staticmis  would 
need  to  be  performed  to  e^porticmi  water  quality  benefits  incurred  by  each 
different  storage  area.  Park  and  Batie  (1979)  identity  another  limitation 
warning  that  "cxlLy  those  wetlemds  plots  that  are  actually  used  for 
nutrient  assimilaticxi  have  any  value  for  that  purpose."  A  wetland  i^ould 
not  be  valued  as  a  tertiary  treatment  system  if  it  is  not  being  used  as 
one.  Fineilly,  the  r^laoement  cost  technique  is  limiteH  ty  the  conplexity 
of  wetland  ecosystems,  vhich  are  quite  ocnplicated  and  not  entirely 
understood  (Luzar  and  Gan,  1991) . 

Bie  r^lacement  cost  method  has  been  used  to  value  water  cpiality 
benefits  of  wetlands  in  other  ways.  Tiltcxi  et  al.  (1978)  ocnpared  costs 
of  nutrient  removal  from  seccmidary  wcistewater  effluent  to  tertiary  levels 
using  spray  irrigaticmi  to  the  costs  of  treating  the  effluent  using  a 
wetland.  Assuming  1978  prices,  the  discounted  coital  cost  for  a  spray 
irrigation  system  was  estimated  to  be  $20,299  compared  to  $11,197  for 
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Furrhasing  and  msdiitaining  treatment  in  a  natural  wetland.  Limitations  of 
this  technique  mirror  those  menticaied  above,  esoxpt  Tiltcai  evalviates  a 
wetland's  ability  to  assimilate  Wciste  even  if  it  is  not  currently  being 
used  for  that  purpose.  He  assumes  the  wetland  must  be  purchased, 
wastewater  transported,  and  treatment  system  maintcdned  to  compare  its 
value  to  other  tertiary  treatmait  facilities.  Tilton  mentions  an 
additioneil  concern  regarding  the  use  of  existing  wetlands  to  treat 
wastewater:  regulations  may  prohibit  the  use  of  natural  wetlands  to  treat 
secondary  effluent. 

Tilton  et  al.  (1978)  also  suggest  that  the  function  of  wetlands  as 
natural  storm  water  runoff  collection  and  treatxoent  systems  could  be 
considered  in  assessing  a  wetland's  worth  relative  to  the  cost  of 
collecting  and  treating  storm  water  runoff  by  man  made  systems,  fftien 
wetlands  are  filled,  they  no  Icaiger  have  tiie  edacity  to  collect  and  treat 
storm  water  runoff.  Ihe  runoff  would  have  to  be  diverted  to  storm  sewer 
pipes  and  rerouted  to  an  alternative  treatment  site,  for  viiich  Tiltcxi 
estimated  the  1978  discounted  ce^ital  cost  to  be  $9,237.  Uiis  compares 
favorably  to  the  no  cost  alternative  of  a  wetland  viiich  collects  and 
treats  storm  water  runoff  naturally.  Besides  diverting  storm  water 
runoff,  land  use  practices  can  also  be  incorporated  to  reduce  runoff  from 
agricultuial  land  to  lessen  sediment  and  nutrient  loading  to  a  waterway. 
Water  quality  improvement  costs  can  be  estimated  by  determining  the  net 
returns  to  farmers  vho  ^ply  these  land  use  practices  (Park  and  Batie, 
1979) .  If  a  wetland  treats  secondary  effluent  alcmtg  with  runoff,  the 
ccanbined  benefits  give  the  wetland  area  even  greater  value. 

A  variation  of  the  hedonic  price  method  can  clLso  be  i;ised  to  estimate 
water  quali^  benefits.  It  assumes  people  will  pay  for  a  wetland  if  it 
torders  their  property  (between  tiieir  property  and  the  ^oreline)  provided 
it  is  aesthetically  pleasing.  Ihe  value  of  the  wetland  d^)ends  on 
physical  characteristics  such  as  setback,  proximity,  and  aesthetic 
quality,  as  well  cts  the  local  economy.  Allen  and  Stevens  present  this 
methodology  in  their  r^x)rt  entitled,  "Use  of  Ifedonic  Price  Technique  to 
Evaluate  Wetlands"  (1983) ,  stating  that  it  "relies  on  c*served  behavior  to 
value  non-market  goods."  In  other  words,  pecple  would  be  willing  to  pay 
for  this  wetland  to  prevent  it  fixm  being  destroyed  and,  therefore, 
destroying  their  view.  Diis  methodology  indirectly  eissesses  the  worth  of 
a  wetland's  water  quality  benefits  assuming  that  the  cleaner  a  water  is, 
the  more  people  will  value  it. 

Hedonic  ^icing  tends  to  underestimate  the  value  of  certain  wetland 
areas  according  to  Allen  and  Stevens  (1983)  because  of  the  following 
limitations.  First,  the  proper  eccxonic  model  must  be  used  to  evaluate 
the  area.  Second,  each  evaluation  is  site  specific,  and  cannot  be 
genercLLized  due  to  the  great  diversity  in  wetlands  emd  local  economies. 
Hiird,  the  homie  Ixyer  and  seller  must  be  aware  of  the  wetland  area's 
value.  Finally,  certain  externalities  may  fail  to  be  incorporated  into 
the  house  pricing  market,  such  eis  a  water  fowl  breeding  area. 

A  third  technique  for  determining  the  value  of  natural  valley  storage 
areas  for  maintaining  water  quali"^  is  the  contingent  value  method.  As 
discussed  previously,  this  tecdinique  iises  hypothetical  willingness  to  pay 
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to  protect  a  resource  as  a  measure  of  the  rescuroe  value.  In  this 
instance,  individuals  would  be  furnished  with  information  ccnoeming  the 
role  that  wetlands/flooc^lciins  play  in  protecting  water  quality  and  asked 
to  place  a  noietary  value  cn  these  functicais. 

Erosion  Control 

Natural  vadley  storage  may  inprove  downstream  erosi^  control  by 
attenuating  peak  floods,  reducing  the  depth  and  velocity  of  the 
floodflow.  Wetlands  can  sometimes  reduce  local  erosion  by  sediment 
stabilization,  wave  energy  dissipation  and  velocity  reduction  provided  by 
vegetation.  These  attributes  protect  the  adjacent  shoreline  or  \:pland 
from  erosion  as  well.  One  problem  witli  assuming  erosion  control  is  a 
direct  benefit  of  wetlands,  however,  is  that  most  dioreline  wetlands  only 
develop  and  remain  on  with  low  wave  energy  and  velocity  \diere 

erosion  is  not  usually  a  problem  to  begin  with. 

It  appears  that  very  little  research  regarding  natural  valley  storage 
effects  on  erosion  cxntrol  has  been  performed.  Owens  (1980)  conducted  a 
stucfy  in  Qiescpeake  Bay  and  found  that  the  wetland  vegetation  and 
relatively  flat  configuration  ^pear  to  dissipate  incoming  wave  energy, 
protecting  the  shoreline  located  b^iind  the  wetlands. 

Owens  (1980)  evaluated  a  wetlands  worth  as  a  means  of  erosion  control 
to  prevent  flood  damages  in  terms  of  the  value  of  waterfront  property.  He 
found  the  value  of  a  waterfront  lot  decreases  as  its  erosion  rate 
increases.  He  first  determined  the  average  income  a  person  investing  in  a 
waterfiront  lot  would  receive  over  time.  He  states  that  "the  value  of 
income  expected  from  a  lot  with  a  wetlands  area  lying  in  front  of  it  was 
found  to  be  hi^ier  than  a* lot  without  a  wetlands  area.”  Using  this  same 
methodology,  Scodari  (1990)  suggests  erosicm  control  benefits  can  be 
valued  based  on  the  cost  of  removing  sediment  from  a  navigable  waterway. 

Limitations  of  this  methodology  are  similar  to  those  of  the 
replacement  cx3st  method:  it  is  hi^ily  site  specific.  In  addition, 

Scodari  (1990)  states  "it  does  not  ocusider  social  preferences  for  wetland 
services  or  individuals'  bdiavicxr  in  the  absence  of  those  services."  If  a 
wetland  is  altered,  thereby  eliminating  its  erosicsi  control  benefits, 
pr^jerty  owners  may  be  willing  to  pay  for  a  structural  solution  to  prevent 
potential  flood  damages.  In  seme  cases,  tiie  cost  of  potential  flood 
damages  (incurred  assuming  the  wetland  is  altered)  may  greatly  exceed  the 
cost  of  a  structural  solution.  Consequently,  damage  cost  methodology 
would  overestimate  the  wetland's  worth.  Another  major  limitation  is  that 
this  methodology  only  ^plies  ^len  altering  (removing)  the  wetland  is 
being  proposed.  If  filling  the  wetland  were  the  proposed  alteration, 
erosioi  control  of  the  adjacent  v:pland  would  no  longer  be  a  concern. 

As  mentioned  previously,  the  r^lacement  cost  method  assumes  idle  value 
of  a  wetland  would  be  worth  the  cost  of  an  alternative  method  of  eL<  <iion 
control.  Owens  (1980)  calculated  the  cost  of  bulkheading  as  an 
alternative  and  found  naturally  occurring  wetlands  to  be  a  less  expensive 
form  of  erosion  ocsitrol.  This  methodology  cculd  edso  be  applied  using 
other  structural  alternatives  such  as  stone  protectiOTi. 
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Replacement  costs  visually  place  a  lower  value  cai  wetlands  than  the 
damage  cost  methodology.  Major  limitations  of  the  r^lacement  cost 
technology  for  erosion  control  are  as  follows:  (a)  it  is  hi^ily  site 
specific,  and  (b)  it  OTily  ^lies  if  the  wetland  is  going  to  be  dredged 
and  not  filled  in. 

Groundwater 

Natural  valley  storage  can  recharge  groundwater  provided  optimum  soil 
conditioi^  and  surficial  geology  prevail  in  the  particular  wetland  or 
floo^lain.  Each  natural  valley  storage  area  must  be  studied  carefully  to 
determine  the  soil  and  groundwater  conditions  indicating  if  the  area 
recharges  the  groundwater  or  if  the  groundwater  is  discharging  water  to 
the  surface.  Groundwater  recharge/discharge  may  vary  seasoncvLly,  and 
wat^  simply  wells  can  also  ciffect  the  recharge/discharge  cepacity  of  an 
aquifer  d^iending  on  water  usage.  Aquifers  stuped  in  the  Nashvia  River 
area  were  fon^  to  naturally  discharge  groundwater  to  adjacent  streams. 
However,  during  periods  of  hi^  use  or  "drawdown”  the  streams  oc^itributed 
seme  recharge  to  the  aoquifers  (see  case  stuefy) .  Groundwater  recharge 
from  wetlands  is  ^pected  to  be  less  than  from  other  natural  valley 
storage  areas,  as  wetland  soils  are  visually  less  permeable  than  soils 
associated  with  groundwater  recharge  (Larson,  1990) . 

Ihe  r^lacement  cost  method  can  be  used  if  a  wetland  or  f  loo(%)lain 
recharges  an  aquifer  that  could  be  used  for  public  or  private  water 
sipply.  It  relates  the  loss  of  natural  valley  storage  groundwater 
recharge  benefits  to  the  cost  of  a  r^lacement  water  svpply.  Gvpta  and 
Foster  used  this  technique  to  estimate  groundwater  recharge  benefits  for 
inland  freshwater  wetlands  in  Massachusetts  during  a  stuefy  he  nnnrinrT<-o^ 
from  1973  to  1975  (Tilton  et  al.  1978) .  Ihey  determined  the  cost  of 
punping  and  delivering  groundwater  from  a  wetland  aquifer  oonpared  to  the 
cost  of  water  svpplied  and  delivered  by  a  water  purif ic:ation  plant  in 
terms  of  dollars  per  acre.  The  difference  in  exist  was  $202.38  per  acre 
(1972  exists) ,  the  net  worth  of  the  wetland  eis  a  groundwater  svpply 
source.  Usii^  the  same  approach,  Larson  (1976)  estimated  the  annual  water 
svpply  benefits  of  a  ■^piccil  inland  wetlaixi  in  Massachusetts,  producing  1 
million  gallons  per  day  (for  water  svpply) ,  to  be  $2,800  per  acre  (1972 
costs) .  Ihis  estimate  was  based  on  studies  of  well  fields  located  in  the 
northeast  ttiited  States  having  yields  ranging  from  300  to  1,400  gallons 
per  minute  and  d^ths  of  75  to  200  feet.  It  was  also  bcised  on  alternative 
water  sources  supplied  and  distributed  by  the  Metropolitan  District 
Commission. 

Similar  to  other  applicaticxis  of  r^lacement  costs,  caie  major 
limitation  is  that  the  estimates  are  site  specific.  In  order  to  hha  this 
methodology  to  evaluate  a  particular  natural  valley  storage  area's  ground¬ 
water  recharge  benefits,  the  area  would  have  to  be  studied  to  determine  if 
it  recharges  the  groundwater  and  to  vhat  degree  recharge  occurs.  Further¬ 
more,  the  groundwater  must  be  of  hi^  enou^  quality  to  serve  as  a  water 
scpplysouroe.  Ano^er  prchlem  with  using  this  method  is  that  the  public 
must  need  the  benefits.  In  other  words,  if  a  groundwater  aquifer  is  not 
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currently  being  irsed  as  a  water  supply,  then  scxiiety  my  not  find  its 
val\je  to  be  equivalent  to  the  cost  of  an  eiltemative  water  sipply. 

Die  ocwplete  discussicn  an  groundwater,  as  well  as  water  qualil^  and 
erosion  control,  benefits  can  be  found  in  i^pendix  B. 

Ccmnercial  Products 

Die  simplest  way  to  determine  productiai  value  is  by  multiplying  yield 
(i.e.  annual  producticn  per  acre)  and  the  market  price  paid  per  unit  of 
production.  Oostanza  et  al.  (1987) ,  for  example,  estimated  the  fur 
trying  value  of  Louisiana  wetlands  by  multiplying  yield  of  pelts  per 
acre  did  the  market  price  payed  per  pelt.  Once  the  an  annual  production 
value  is  determined,  cepitalized  wetland  value  can  be  obtained. 

Mthou^  this  method  is  strai^tforward,  market  revenues  are  not 
considered  an  adequate  measure  of  resource  value  (Scodari,  1990) . 

Resource  Veduatiai  based  solely  (xi  market  price  fails  to  account  for 
consumer  surplus  (the  excess  of  \hat  consumers  are  willing  to  pay  over 
actual  price)  and  the  costs  of  productiai  (i.e  labor  and  capiteil 
expenditures) .  A  more  expropriate  meeisure  of  resource  value  is  net 
willingness  to  pay  (net  WTP) ,  the  sum  of  consumer  surplus  and  production 
su^lus  (i.e.  gross  eeunings  minus  costs) .  Net  WTP  can  be 
using  standard  economic  techniques,  if  sufficient  informatioi  concerning 
market  price,  supply#  demand,  and  productioi  costs  is  available. 

If  adequate  informatioi  is  unavailable  to  estimate  omsumer  surplus, 
an  estimate  of  wetland  or  flooc^lain  producticxi  value  can  be  chtained 
simply  ty  subtracting  productiai  costs  from  gross  earnings.  Die  resulting 
"profit”  is  used  cis  a  pres^  for  value,  with  average  value  per  acre 
calculated  by  dividing  net  revenue  by  total  acreage.  Thig  technique  can 
be  ^plied  most  easily  to  goods  harvested  directly  from  an  area  (e.g. 
pelte)  hut  can  also  be  cpplied  to  i^iecies  \diich  ipend  a  critical  part  of 
their  life  cycle  in  caie  place,  but  are  harvested  elsevhere. 

A  more  sophisticated  method  of  valuing  wetland  or  f  looc^lain  products 
is  the  marginal  value  product  (MVP)  method.  Diis  technique  determines  the 
value  of  an  area  for  producing  goo^  by  estimating  the  change  in  output 
associated  with  a  change  in  acreage  (marginal  productivity) .  Die 
calculation  of  marginal  productivity  is  ocnplex,  and  involves  use  of 
bioeccmicmic  models  vhich  relate  productiw  of  goods  to  ^ivironmental 
variables  aM  harvesting  effort.  Ultimately  the  value  of  wetland  or 
flooc^lain  input  (per  acre)  to  the  production  process  is  obtained.  Die 
MVP  technique  has  been  used  to  value  wetlands  for  shrimp  harvests  in 
Icuisiana  (Oostanza  et.  al.  1987) ,  oysters  in  Virginia  (Batie  and  Wilson, 
1978) ,  blue  crabs  c»i  the  Florida  coast  (Lynne  et  al.,  1981) , 
fisheries  in  Florida  (Bell,  1987) ,  and  fish  in  Saginaw  Bay,  Michigan 
(Amacher  et  al. ,  1989) . 

Nraie  of  the  above  techniques  ccxisiders  the  ciffect  that  commercial 
harvest  of  products  may  have  on  other  land  values.  Harvest  of  timber  or 
peat,  for  example,  can  substantially  reduce  land  values  for  wildlife 
productiai  and  recreatioi. 
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Agriculture 


The  value  of  wetlands  and  floodplains  for  agriculture  can  be 
determined  by  using  methods  similar  to  those  enployed  for  ocnmercial 
products.  Marlcet  price  and  yield  per  acre  can  be  used  to  provide  an 
estimate  of  gross  inccnte.  Net  value  can  be  determined  by  subtracting 
develcpnent  costs  (i.e.  clearing  and  draining)  and  producticMi  costs  from 
gross  income. 

Aesthetics 

COTitingent  value  method  (CVM)  is  cxmisidered  the  best  available 
technique  for  determining  aesthetic  value  (see  Graves,  1991) .  As 
discussed  for  calculation  of  recreational  value,  this  technique  determines 
willingness  ''o  pay  by  asking  individuals  to  place  a  t^pothetical  market 
value  on  a  resource.  IVio  main  ^preaches  are  used  to  conduct  CVM  studies 
(Luzar  and  Gan,  1991,  Ccirson,  1991) .  In  one  ^proach,  respondents  are 
asked  open-ended  questions  to  determine  WTP  for  a  discrete  action 
affecting  an  environmental  resource  (e.g.  hew  much  would  you  be  willing  to 
pay  in  taxes  to  protect  one  acre  of  wetland  for  wildlife  habitat?) .  In 
the  other  c^proach,  respondents  are  ^u^ked  a  series  of  yes-no  questiens  in 
vdiich  the  cost  of  the  acticMi  is  clearly  ^lecified  (e.g.  would  you  be 
willing  to  pay  $100  to  preserve  one  acre  of  wetlands?) .  E)ata  is  collected 
using  perscxial  interviews  or  guestiexmaires.  For  studies  focusing  cai 
visucil  aesthetics,  questions  are  typically  cisked  in  reference  to  a  series 
of  photogrc^ihs  or  other  visual  r^sresentations  of  the  resource. 

Althou^  the  CVM  technique  is  generally  an  aoc^3ted  method  for  valuing 
nonmarket  resources  (and  is  sometimes  the  (xily  method  available) ,  mary^ 
questions  remain  oonceming  its  validily  (see  luzar  and  Gan,  1991) . 

One  key  oonoem  is  simply  vdiether  or  not  people  can  accurately  the 

monetary  value  of  environmental  resources.  A  seomd  major  ocxKam  is 
v^ether  or  not  people's  willingness  to  pay  in  a  hypothetical  market 
accurately  reflects  vhat  they  would  pay  in  an  actual  market.  Dei^ite 
these  limitations,  results  obtained  in  CVM  studies  are  often  recisonably 
close  to  those  (±ftained  using  other  methods  (see  Graves,  1991) . 

CVM  studies  must  be  carefully  designed  and  administered.  Results  are 
quite  sensitive  to  hew  studies  are  ocaiducted  and  can  be  eeisily  biased  by  a 
variety  of  factors  (Luzar  and  Gan,  1991;  Pearce  and  Turner,  1990) . 

Results  are  particularly  sensitive  to  the  informtion  provided  during  the 
survey.  For  exanple,  because  most  people  know  little  about  wetlands, 
their  valuation  of  wetlands  in  CVM  studies  is  likely  to  be  strongly 
influenced  by  the  extent  of  information  provided  about  wetlctnd  functions 
during  the  stuc^.  Additional  information  about  the  design  and 
inplementation  of  CVM  studies  is  provided  by  Carson  (1991)  and  U.S.  Anty 
Corps  of  Engineers  (1986) . 

Hedonic  methods  can  also  be  used  to  value  aesthetics  (e.g.  Biibodeau 
and  Otto,  1981) .  Ihis  ^iproaoh  determines  resource  value  by  meeisuring 
variation  in  property  value  (and  often  labor  rates)  associated  with 
changes  in  resource  attributes.  To  value  aesthetics,  changes  in  property 
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value  would  be  related  to  distance  frcm  and  changes  in  wetland  and 
floo(%)lain  characteristics  (e.g.  size,  vegetaticai  type,  amount  of  c¥>en 
space) .  Marginal  WTP  for  each  attribute  is  obtciined  lasing  multiple 
regression  analysis,  with  property  value  as  the  d^iendent  value,  and 
attritwtes  as  independent  variables  (Soodari,  1990) .  The  technique  is 
more  difficult  to  c^ly  than  the  CVM  method  and  can  be  severely  limited  by 
lack  of  data,  especially  vflien  land  or  labor  markets  in  the  stucfy  area  are 
not  well  develcped  (Graves,  1991) .  Also,  estimates  of  aesthetic  value 
derived  frcm  the  hedonic  method  probably  include  other  values, 
particularly  recreational  value.  Palmquist  (1991)  and  Graves  (1991) 
provide  additional  inf ormatiOTi  about  the  hedonic  technique  and  its  use  for 
valuing  aesthetic  resources. 

It  may  be  possible  to  determine  aesthetic  value  indirectly  frcm 
estimates  of  recreational  value  (Graves,  1991) .  This  epproach  assumes 
that  some  proportion  of  recreation  VEilue  is  attributable  to  aesthetics 
(e.g.  40  %  of  the  value  of  a  canoeing  eiperience  is  attributable  to 
aesthetics,  30  %  to  fishing,  etc.).  Recreational  value  would  be 
determined  by  ary  one  of  a  nuinber  of  methods  (i.e.  travel  cost,  contingent 
value)  and  a  survey  would  be  used  to  determine  the  prcporticMi  of 
recreation  value  pecple  attribute  to  aesthetics.  This  techniques  would 
ignore  non-recreation  based  aesthetic  values,  such  as  affects  on  property 
value. 

Due  to  the  land/water  interface  v^ch  is  characteristic  of  natural 
valley  storage  arects,  these  lands  often  provide  habitat  for  a  surprisingly 
diverse  nuinber  of  species.  Almost  seventy  percent  of  endangered  and 
threatened  species  live  in  wetlands.  Racent  studies  shew  that  fi^  and 
aquatic  animals  are  diseppearing  faster  than  land  based  fauna.  Habitat 
loss  accounts  for  much  of  the  loss  of  these  species.  Riparian  areas 
provide  epportunities  for  biodiversity,  and  sites  for  foraging, 
hibernation,  breeding,  and  nesting. 

Habitat  value  for  fish,  wildlife,  and  plants  can  be  determined  using 
the  ccaitingent  value  method  (CVM) .  As  discussed  for  aesthetic  resources, 
this  technique  determines  willingness  to  pay  by  querying  individuals  as  to 
the  hypothetical  market  value  they  place  on  a  resource.  Data  is  collected 
using  personal  interviews  or  questionnaires.  As  discussed  above,  studies 
must  be  carefully  designed  and  conducted  to  provide  reliable  results  and 
minimize  bias.  Ihe  stuefy  should  make  a  clear  distinction  between  habitat 
value  of  an  area  for  "ecological  sipport"  (an  •indirect  use)  and  nonuse 
■values  (i.e.  cption  and  existence  "value) . 

Another  measure  used  to  estiumte  wildlife  habitat  value  is  societal 
payments  -to  acquire  and  preserve  conservaticai  land.  Gtpta  and  Foster 
(1975)  estima'ted  WTP  ■to  protect  wetlands  for  wildlife  habi"tat  in 
Massachusetts  based  on  "the  purchase  price  and  management  costs  of  wetlands 
acquired  by  the  state  for  conservation  purposes.  Wetland  "value  was 
estimated  using  a  "three  st^  process.  First,  a  "base"  sta"tewide  wetland 
value  was  determined  from  land  purchase  price  and  management  costs. 
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Secondly,  individual  wetlcinds  were  evaluated  ecologically  using  a  10  step 
habitat  scoring  procedure.  Finally,  wetlands  vAiich  scored  hi^ily  in  tenns 
of  habitat  quality  were  given  a  correspondingly  hi^er  percentage  of  the 
ba^  wetland  value.  A  key  draviack  of  this  method  is  that  the  purchase 
price  payed  by  ^iety  for  conservation  land  may  reflect  other  valiies  in 
addition  to  habitat  value  (e.g.  recreational  and  aesthetic  value) . 

Aquatic  Food  Chain  Support 

Ripari^  habitat  can  provide  a  substantial  preportion  of  the  energy 
available  in  stream  ecosystems.  For  small  streams,  more  than  90  percent 
of  energy  sijpporting  in-stream  food  chains  may  be  derived  frem  detritus 
(leav^,  fruits,  wood)  from  adjacent  riparian  areas.  Ihe  monetary  value 
of  this  irput  has  never  been  estimated.  One  ^proach  mi^t  be  to  value 
the  commercial  and  recreational  fineries  output  of  the  stream  and  assume 
that  the  preportion  of  this  value  attributable  to  the  riparian  zone  is 
equal  to  the  percent  of  in-stream  energy  contributed  ty  riparian  areas. 

For  example  if  a  stream's  fishery  has  a  value  of  $100  and  the  stream 
ecosystem  receives  75  percent  of  its  energy  from  riparian  zan&,  the  value 
of  the  riparian  zone  would  be  $75.  Hiis  is  a  rather  simplistic  ^proaoh, 
and  ignores  the  fact  that  shading  by  riparian  vegetaticxi  reduces  in-stream 
algal  productivity. 

Long-Term  Carbon  Storage 

Peat  d^xasits  in  some  wetlands,  particularly  boreal  peatlands,  act  as 
important  global  carbon  sinks.  This  function  may  have  monetary  value  if 
measures  are  needed  to  compensate  for  carbon  added  into  the  atmosphere  by 
anthrcpogenic  sources.  One  way  to  estimate  the  value  of  wetlands  as 
carbon  sinks  is  by  the  cost  of  sequestering  carbon  in  other  ways,  such  as 
by  planting  trees.  Sedjo  (1989)  estimates  that  the  cost  of  sequestering 
carbon  in  the  U.S.  by  planting  trees  would  be  at  least  $172  per  ton 
carbon  sequestered.  Beised  on  this  value,  a  New  England  bog  sequestering 
carbon  at  a  rate  of  about  0.6  ton/acre  year  (see  Hemond,  1980)  would  have 
an  annual  value  of  about  $100  per  acre.  Estimates  of  cost  to  avoid  carbon 
emissions  could  also  be  used  to  indirectly  determine  wetland  value  eis  a 
carben  sink.  For  example,  if  the  costs  of  avoiding  carbon  emissions  is 
$50  per  ton  (Flavin,  1990),  a  wetland  sequestering  0.60  tons/acre  of 
carbon  per  year  would  have  an  annual  value  of  about  $30  per  acre. 

The  above  discussion  focuses  largely  on  non-forested  wetlands.  For 
forested  woodlands,  a  similar  value  could  be  placed  on  carbon 
sequestration  in  citxjve  ground  woex^  biomass. 

Nonuse  Value 

The  contingent  value  method  is  the  only  method  available  to  determine 
nonuse  values  such  as  existence  or  eption  value.  It  hcis  been  ^plied  to 
estimate  noniise  value  of  a  variety  of  natural  resources,  incl\iding 
wildlife,  endangered  species,  wilderness  areas,  recreation,  water  quality, 
and  seagrass  beds  (see  Randall,  1991;  Loomis  and  Wali^,  1986;  Kahn  and 
Kemp,  1985) .  A  stimty  of  existence  value  of  an  endangered  species,  for 
example,  mi^t  ask  individuals  to  state  how  much  she/he  would  be  willing 
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to  oontrilxtte  yearly  to  assure  continued  existaice  of  the  species,  or 
reduce  the  risk  of  extirK±ion. 

As  previously  discussed,  results  of  contingent  valuation  studies  are 
quite  sensitive  to  stutty  design  and  methodology,  and  can  be  by  a 

varielY  of  factors,  especially  the  amount  of  information  prxjvided  during 
the  su^y.  More  information  about  using  the  contingent  value  method  to 
determine  nonuse  values  is  provided  by  Brookshire  et  al.  (1983) ,  Tnnm-ig 
and  Walsh  (1986) ,  Pearse  and  Turner  (1990) ,  Stevens  et  al.  (1991) ,  and 
Randall  (1991). 

TOTAL  RESOURCE  VALUE 

Ihe  total  economic  value  of  a  wetland/floo(%>lain  can  theoretically  be 
calculated  by  summing  all  component  use  and  nonuse  values  or  by  estimating 
total  use  valxie  directly.  Both  ^proaches  have  ^ortcomings,  and  at 
present  there  is  no  clear  agreeonent  as  to  viiich  is  the  best  method. 

Several  technical  problems  preclxide  simply  determining  total  use  value  by 
summing  component  values  (Randall,  1991) .  A  major  problem  is  potential 
double  counting  of  resource  values.  For  example,  vhen  summing 
recreational  and  aesthetic  values,  care  is  needed  to  assure  that  the 
aesthetic  conpcxient  of  recreational  value  is  not  counted  twice  (i.e.  part 
of  the  recreational  value  a  canoeist  places  on  a  river  derive®'  from 
aesteetics) .  Summing  compcaient  values  to  determine  total  value  is  also 
unlikely  to  be  practicable  in  many  cases  due  to  the  hi^  cost  of 
collecting  the  necessary  data. 

Several  methods  can  provide  a  measure  of  total  resource  value.  One 
approach  is  the  ocmtingent  value  method.  As  discussed  elsesdiere,  this 
technique  determines  WTP  by  asking  individuals  to  place  a  hypothetical 
market  value  cai  the  resource.  Reliance  on  the  CVM  method  to  determine 
total  value  seems  unwise,  however,  given  the  availability  of  more  precise 
techniques  to  value  many  im^rtant  functions  (e.g.  flood  control, 
recreateon) .  The  CVM  technique  is  probably  best  enplqyed  only  for 
determining  specific  wetland  values  that  cannot  be  determined  (or  easily 
determined)  in  ary  other  way  (e.g.  existence  value) . 

A  second  approach  that  can  be  used  to  determine  total  resource  value 
is  the  opportunity  cost  method.  This  method  is  based  cti  the  assunption 
that  the  value  of  a  resource  can  be  estimated  frcm  the  income  that  is 
forgone  in  order  to  preserve  the  resource  (Turner,  1990) .  For  example, 
the  value  of  a  coastal  wetland  would  be  equal  to  the  econcsmic  benefits 
forgone  by  preserving  the  wetland,  rather  than  developing  the  site  as  an 
industrial  park.  A  major  problem  with  this  technique  is  that  wetland 
value  is  strongly  d^>endent  on  the  settirg.  Where  alternative  development 
options  exist,  benefits  foregone  may  not  be  very  large.  On  the  other 
hand,  in  situations  vhere  development  options  are  limited,  benefits 
forgone  may  be  very  hi^.  Ecologically  similar  wetlands  in  rural 
Massachusetts  and  suburban  Bostcxi,  for  example,  would  likely  have  very 
different  values  based  on  the  opportunity  cxDst  method. 

Another  frequently  suggested  approach  for  determining  total  resource 
value  is  the  r^lacement  exist  method.  This  method  asautries  the  value  of  a 
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wetland  is  equal  to  the  csDst  of  cxinstructing  and  maintaining  an  area  of 
equivalent  functional  value.  Ihere  are  several  problens  with  this 
technique.  First,  the  underlying  assuirption  that  cmstructed  wetlands  can 
adequately  r^licate  eill  natural  wetland  functiais  is  still  being 
studied.  Seccaidly,  the  functicHial  value  of  the  existing  wetland  must  be 
assessed  to  obtciin  design  parameters  for  the  hypotheticed.  replacement 
wetland.  Wl^le  this  may  be  relatively  strai^tforward  for  seme  functions 
(e.g.  wildlife  habitat) ,  for  others  (e.g.  groundwater  recharge)  collecting 
the  necessary  data  could  be  difficult  and  costly. 

One  measure  of  total  wetland  value  is  societal  payments  to  acquire  and 
preserve  ccxiservation  land.  Gi;^}ta  and  Foster  (1975)  used  this  s^iproach  to 
determine  wildlife  habitat  value,  but  it  may  be  more  ^ipropriate  as  a 
method  for  estimating  total  resource  value.  Wetland  value  would  be 
establi^ed  in  a  three  st^  procedures.  First,  a  "base”  wetland  value 
would  be  determined  from  land  purchase  price  and  management  costs. 

Second,  functional  value  of  individual  wetlands  would  be  evaluated  using  a 
non-monetary  wetland  evaluaticMi  technique  such  as  the  Corps  "Wetland 
^luation  Technique"  (U.S.  Army  Corps  of  Engineers,  1991) .  Finally,  the 
individual  wetlands  would  be  given  a  percentage  of  "base"  wetland  value 
based  on  their  relative  functional  value. 

A  radically  different  ^jproach  to  valviing  ecosystems  is  the  energy 
analysis  technique  (see  Farber  and  Costanza,  1987;  Costanza  et  al., 

1989) .  This  method  uses  the  total  amount  of  energy  ce^xtured  by  an 
ecosystem  as  an  estimate  of  its  potential  to  do  xiseful  work.  The  approach 
involves  determining  gross  primary  production  of  the  ecosystem,  converting 
this  estimate  to  fossil  fuel  equivalents  (FFEs) ,  and  ccMwerting  FFEfe  into 
dollars  based  on  the  cost  par  unit  of  energy.  This  method  should 
theoretically  place  an  v^per  limit  on  the  economic  value  of  products 
produced  by  the  ecosystem.  It  exclixies,  howevar,  values  not  related  to 
fhysical  production  such  as  aesthetics  and  existence  value.  The  energy 
aralysis  technique  has  been  strongly  criticized,  and  its  use  has  not  been 
widely  accosted  (Luzar  and  Gan,  1991;  Whi^iam  and  Brinson,  1990) . 

Most  of  the  above  techniques  can,  at  least  theoretically,  provide  a 
measure  of  total  econcmic  value.  These  estimates  are  best  considered 
estimates  of  "gross"  value,  since  preservation  of  these  areas  is  not 
necessarily  without  cost.  "Net"  value  should  be  determined  by  subtracting 
any  management  costs  (e.g.  construction  and  maintenance  of  facilities, 
mosquito  control  programs,  law  enforcement,  and  administration)  from  gross 
value.  Table  5  graphically  lists  the  various  values  and  methodologies 
that  have  been  described  thus  far. 
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Methodo 


Footnote:  Several  methodologies  may  need  to  be  employed  in  order 

to  capture  the  total  value  of  a  particular  storage  area. 
Also,  care  should  be  taken  to  avoid  the  possible  double 
counting  of  certain  values. 
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Table  5 


6.  CftSE  STODY 


Hie  follcKtdng  case  stucfy  was  conciiicted  in  oirder  to  demonstrate  the 
methodologies  available  to  quantify  both  the  costs  and  benefits  of 
preserving  natural  valley  storage  areas.  Hie  Corps  of  Engineers'  economic 
analj^es  are  required  to  be  based  on  annualized  costs  and  benefits.  Hiis 
v/as  done  everyvAiere  possible  in  the  case  stuc^.  However,  certain 
methodologies  examined  do  not  lend  themselves  to  producing  annual  benefit 
values,  tut  instead  result  in  more  of  a  gross  value.  Hiis  gross  value  was 
calculated  idiere  possible,  hut  it  should  be  understood  that  the  gross 
values  do  not  lend  themselves  to  the  traditional  cost/benefit  analysis  and 
are  used  only  in  ccmparing  relative  worth. 

Some  of  the  metiiods  hic^i^ted  require  informaticai  that  is  either 
beyond  the  scc^  of  this  r^»rt  or  just  not  obtainable.  For  seme  of  these 
methods  that  are  beyond  the  scope  of  this  study,  informaticxi  was  included 
that  outlines  hew  one  mi^t  go  about  measuring  a  certain  Vedue  if  the  time 
and  funding  were  available. 

Also,  due  to  the  fact  that  the  case  study  does  not  encompass  the 
entire  watershed,  costs  and  benefits  were  calculated  \diere  possible  and 
listed,  but  not  compared.  In  a  laical  benefit/cost  analysis  a  ratio  of 
1:1  or  greater  demonstrates  a  project's  economic  justification.  Hie 
purpose  of  this  caise  stucty  is  to  demonstrate  methodologies.  Some  of  the 
benefit  Vcilues  are  not  comparable  to  others  or  are  a  source  of  potentially 
double  counted  benefits.  Other  benefit  values  calculated  are  incomplete, 
suoh  as  the  flood  damage  reduction  benefits,  since  only  a  portion  of  the 
watershed  was  able  to  be  examined  for  flood  control  benefits.  For  these 
reasons  a  benefit/cost  ratio  Wcis  not  sou^t. 

STUDY  AREA 

Hie  area  of  study  chosen  for  this  demonstration  was  the  Nashua  River. 
Hie  Nashua  River  begins  at  the  confluence  of  the  South  Branch  and  North 
Nashua  rivers  in  Lancaster,  MA  and  runs  in  a  northeasterly  directicMi  until 
it  joins  the  Merrimacilc  River  in  Nashua,  NH.  Hie  Nashua  River  is 
approximately  fort^-one  (41)  miles  long.  Hie  river  was  chosen  for  stuefy 
because  of  the  availabilil^  of  flow  data  (due  to  the  existence  of  several 
uses  gages  in  the  water^ed)  and  also  because  of  the  river's  abundance  of 
natural  storage  area. 

Hie  Nashua  River  water^ed  has  a  drainage  area  of  about  538  square 
miles.  Most  of  the  watershed  drains  to  the  Nashua  River,  in  a 
southeasterly  directicai,  along  several  tributary  rivers,  the  North  Na^ua, 
the  Squannacook,  and  the  Nissitissit  rivers,  ^proximately  108  square 
miles  of  the  South  Branch  River  drainage  area  is  regulated  by  Wachusett 
Reservoir.  A  review  of  the  watershed,  flood  profiles,  topographic 
mapping,  and  gage  data  was  used  to  determine  the  location  of  the  natural 
storage  areas.  Hie  area  with  the  greatest  amount  of  natural  storage  is 
found  between  the  confluence  of  the  North  Nashua  River  in  Lanccister  and 
East  Pepperell,  Massachusetts.  Hiere  are  additional  storage  areas 
dispersed  throu^out  the  water^ed,  thou^  the  areas  are  smaller  in  size. 
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Figure  5  shews  the  entire  Nashua  River  water^ed,  including  identified 
natural  valley  storage  areas.  Ihe  limited  scope  of  this  investigation 
made  it  necessary  to  focus  our  efforts  on  a  reduced  section  of  the 
watershed,  in  this  case,  the  hi^ili^ted  storage  area  located  between 
Lancaster  and  P^perell.  A  conprehensive  stuefy  of  the  entire  basin  would 
be  needed  to  fully  understand  the  interd^iendence  of  all  the  resources  and 
storage  areas  in  the  basin. 

Ihe  natural  valley  storage  area  along  the  study  reach  has  an  area  of 
7.5  sqpiare  miles  (4,800  acres)  and  ranges  in  width  from  about  250  feet  to 
one  mile.  The  Na^^ua  River  has  an  average  drop  in  elevation  of  about  1.5 
feet  per  mile  throu^  the  stutfy  area,  and  its  flow  is  generally  sluggi^. 
Ihe  lower  several  miles  of  this  reach  is  iirpounded  by  a  dam  in  East 
P^^perell  and  is  known  as  P^jperell  Pond. 

LAND  USE  INVENTORY 


A  very  important  part  of  ary  natural  vall^  storage  analysis  is  a 
complete  inventory  of  the  use  and  ownership  of  the  lands  in  question. 
Without  this  information  it  is  impossible  to  make  reascaiable  assunptions 
of  the  future  xjse  of  the  lands  vAiich  in  turn  will  greatly  affect  ary 
project  formulaticai.  A  preliminary  analysis  of  land  use  and  ownership  was 
made  using  information  provided  by  the  Nashua  River  Watershed  Association, 
epen  S^ce  and  Land  Use/Ctover  meps  provided  by  Ifessachusetts  D^)artment  of 
Fisheries,  Wildlife  &  Ehvironmaital  Law  Enforcement,  and  U.S.  Fish  & 
Wildlife  Service  National  V7etland  Inventory  maps.  Ihe  inventory  is  not 
completely  accurate.  That  would  require  a  detailed  real  estate  analysis 
conpleted  on  a  town  by  town  basis.  For  the  purposes  of  this  case  stutty  an 
estimated  or  "rouc^  cut”  at  the  inventory  was  determined  to  be  sufficient. 

As  mentioned  earlier  the  storage  area  studied  is  about  7.5  square 
miles  or  4,800  acres  in  size.  Table  6  lists  the  types  and  percentages  of 
land  in  this  particular  storage  area. 


Table  6 

Nashua  River  Case  Study  -  Tand  TTwentorv 


Classif ication 
Upland 

Riverine  and  Cpen  Water 
Emergent  Wetland 
Emergent/Scrub-shrub  Wetland 
Scrub-Shrub  Wetland 
Scrub-shrub/Forested  Wetland 
Fesrested  Wetland 
Other 
Total 


Percentage  of 

Total  Storage  Area  Total  Acres 


58 

2,780 

14 

670 

2 

100 

3 

140 

4 

190 

4 

190 

15 

720 

_ 1 

10 

100 

4,800 

Residential  and  commercial  develcpntent  within  the  storage  area  is  very 
limited,  lhat  is  because  about  70%  of  the  storage  area,  including  the 
floodway  (determined  by  Flood  Insurance  Studies) ,  is  strictly  protected 
from  development.  Most  of  these  protected  areas  are  lands  owned  by 


50 


LOCATION  MAP 


KEY 


• -  WATERSHED  BOUNDARY 


AISmCNAL  STORAGE  AREAS 

STORAGE  AREA  ANALYZED  DURING  CASE  STUDY 


MASSACHUSETTS  NATURAL 
VALLEY  STORAGE  STUDY 

NASHUA  RIVER 
CASE  STUDY 


FIGURE  5 


private  organizations,  tcwns,  the  CXxnmonwealth,  or  the  Federal 
Government.  Sane  of  the  protected  lands  are  also  owned  by  individuals  vAio 
have  arranged  to  have  conservation  restrictions  (O^'s)  placed  on  the 
property.  Major  conservation  areas  within  the  study  area  include  the 
Bolton  Flats  Wildlife  Management  Area,  Ojdxjw  Naticml  Wildlife  Refuge,  the 
MCI-aiirley  Greenway  Trail,  Groton  Place,  Sabine  Lane,  the  Rich  State 
Forest,  and  porticais  of  the  Fort  Devens  Anty  Base. 

As  ^cwn  in  Tctble  6,  42%  of  the  storage  area  is  wetland.  Forested  and 
cpen  water/riverine  wetlands  account  for  80%  of  this  total.  The  other  20% 
are  emergent  and  scrub-shrub  wetlands.  The  largest  wetland  tracts  in  the 
stucty  area  (  >  200  acres)  are  found  in  Rich  State  Forest,  Oxbow  National 
Wildlife  Refuge,  Fort  Devens,  and  the  Bolton  Flats.  The  remaining  58%  of 
the  storage  area  is  categorized  as  t^iland. 

As  previously  mentioned,  an  estimated  70%  of  the  stucfy  storage  area  is 
strictly  protected  from  development.  The  other  30%,  about  1440  acres, 
does  not  ^ipear  to  be  as  restricted.  Table  7  shows  a  brea]cdown  of  the 
types  and  amounts  of  land  included  in  this  30%. 


Table  7 

Nashua  River  Case  Study  -  Potentially  Developable  lands 


Classif ication 

Percentage  of 

Total  Storaae  Area 

Total  Acres 

Forest 

15 

720 

Cropland 

11 

528 

Abandoned  Open  Space 

2 

96 

Non-forested  Wetland 

_2 

96 

Total 

30 

1,440 

Technically,  these  lands  should  all  be  protected  by  the  Massachusetts 
Wetlands  Protection  Act,  and  to  a  certain  ejctent  by  Federal  regulaticsis, 
as  they  are  all  subject  to  flooding.  However,  for  the  purpose  of  this 
case  stuc^  it  was  assumed  that  these  30%  will  be  the  TnayiTmim  amount  of 
potential  future  lands  lost  to  development.  The  difference  between  these 
lands  and  the  other  70%  is  that  the  latter,  on  a  first  lock  basis,  are 
designated  floodway,  greenway,  or  oaiservation  areas  that  are  by  law 
impossible  to  devel^  or  would  require  action  under  Article  97  of  the 
Massachusetts  Constitution  to  overturn  their  protected  status. 

As  was  described  previously,  flood  magnitude  and  frequency  are  closely 
related  to  natural  valley  storage.  During  large  volume,  less  frequent 
flooding,  hi^er  inundation  along  the  fringes  of  the  flooc^lain  takes 
place.  These  areais  are  also  the  most  likely  storage  landg  to  be  lost  to 
develcpment  because  of  less  strict  regulatory  controls.  More  freguent 
flooding  may  not  reach  these  fringe  areas  due  to  small®:  flood  volumes, 
discharges,  and  lower  elevations. 
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In  the  following  case  stutty  no  atteirpt  was  made  to  differentiate 
between  the  hi^  and  Iw  frequency  inundaticai  areas.  In  fact,  benefits  to 
recreation,  water  quality,  erosion  ccntrol,  groundwater,  and  ooinmercial 
products  are  more  likely  to  occur  in  the  lower,  more  frequently  inundated 
storage  areas.  Ifowever,  these  same  areas  are  included  in  the  70%  of  the 
storage  lantfe  described  as  strictly  protected.  It  is  in  the  higher,  less 
frequently  inui^ted  areas,  the  remaining  30%,  \(^ere  benefits  to 
protection  against  development  are  to  be  realized.  In  order  to 
demonstrate  the  calculation  of  sente  of  these  benefit  categories, 
separation  of  the  fringe  frexn  the  inner  storage  was  not  made.  A  more 
detailed  analysis  would  require  the  linkage  of  lands  protected  to  actual 
benefits  realized. 

WATER  RESOURCES 

Research  revealed  some  general  information  on  aquifers  in  the  case 
stuffy  area.  A  USGS  Water  Resources  Investigatic»i  R^xjrt  (90-4144)  dated 
1992,  states  that  two  potentially  hi^  yield  aquifers  lie  near  the  ifashna 
River  at  Catacoonmaug  Brook  in  Shirley  and  the  Still  River  in  Bolton  (see 
Figure  6) .  Ihese  aquifers  are  sand  and  gravel  d^wsits  located  in 
lew-lying  areas  adjacent  to  surface-waters.  These  aquifers  are  r-qpable  of 
yielding  100  gallons  per  minute  to  single  wells.  Another  USGS  report 
^titled  ''Stream-Aquifer  Relations  and  Yield  of  Stratified  Drift  Aquifers 
in  the  Nashua  River  Basin,  Massachusetts"  discusses  the  potential  for 
rechar^  of  groundwater  by  surface  water  under  certciin  conditions. 
According  to  this  r^xirt,  the  aquifers  studied,  naturally  discharge 
groundwater  to  their  adjacent  streams.  However,  during  periods  of  hi^ 
well  use,  the  streams  actually  contributed  some  recharge  to  the  aquifer. 

Public  water  sipplies  in  the  Nashua  River  watershed  consist  of 
groundwater  wells  and  surface  water  reservoirs,  the  largest  of  vhich  is 
tte  Wachusett  Reservoir.  Basin  wide,  only  17%  of  the  public  water  supply 
is  from  groundwater;  the  rest  is  from  surface  waters.  Of  the  estimated 
48.3  millions  gallons  per  day  (MGD)  publicly  supplied  in  the  basin,  only 
27.9  MGD  is  from  the  Nashua  watershed  itself.  The  rest  is  from  other 
water^eds  and  is  diverted  to  the  Wachusett  Reservoir  longi-Pd  in  the 
Nashua  River  Basin.  A  Massachusetts  D^artment  of  Environmental 
Management  (MDEM)  r^»rt  entitled  "Nashua  River  Basin:  Inventory  and 
Analysis  of  Current  and  Projected  Wat^  Use"  lists  all  of  the  municipal 
water  si^ly  sources  and  their  1986  puttping  capacities.  Frcm  this  list, 

16  municipal  water  supplies  and  no  surface  water  reservoirs  are  ifv-ai-pd  in 
or  near  the  studied  NVS  areais.  These  water  supplies  are  listed  in  Table  8 
ai^  a  map  shewing  their  locaticai  is  shewn  in  Figure  7.  FUinding  and 
limited  the  research  to  municipal  water  supplies;  the  above  information 
does  not  Include  condominium,  restauirant,  or  private  water  systeits. 
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Table  8 

Municipal  Public  Water  Supplies 
Located  in  the  Naghna  Piyer  Study  Area 


OMIUNTIY 

PUBLIC  WATER  SUPPLY 

DEP  SOURCE  NO 

Ayer 

GP  Well  #1,  Grove  Ptond 

GP  Well  #2,  Grove  Pond 

2019000-01G 

2019000-02G 

Ayer-Fort 

Devens 

Grove  Pond  Well  System 

McPherson  Well 

2019001-01S 

2019001-03G 

Groton 

TW,  Townsend  Road 

2115001-01G 

Harvard 

Rode  Well,  Pond  Road 

Rock  Well,  Reservoir /Bolton  Road 

2125000-01G 

2125000-02G 

Harvard  -  GP  Well,  Patton 

Fort  Devens  GP  Well,  Shabckin 

2019001-01G 

2019001-02G 

Lancaster 

GP  Well  #1,  Boltcai  Station  Road 

GP  Well  #2,  Bolton  Station  Road 

2147000-01G 

2147000-02G 

P^iperell 

GP  Well,  Bemis  Street 

GP  Well,  Jersey  Street 

2232000-01G 

2232000-02G 

Shirley 

Samscsi  Dug  Well 

GP  Well,  Catecunemaug  Road 

GP  Well,  Patterscai  Road 

2270000-01G 

2270000-02G 

2270000-03G 

Dunstable 

no  wells  in  Nashua  River  basin 

Bolton 

no  wells  in  Nashua  River  basin 

NOTE;  GP  - 

Gravel  Padeed 

IW  -  Tubular  Well 


A  limited  search  of  point  discharge  sources  revealed  25  industries  and 
7  municipalities  that  have  been  permitted  by  MDEP  to  discharge  wastewater 
to  the  waters  of  the  Na^\ia  River  Watershed.  These  point  discharge  sources 
are  listed  in  Table  9.  Only  8  permitted  discharge  points  are  located 
directly  on  the  mciin  stem  of  the  Nashua  River,  four  of  vhich  are  municipal 
in  nature. 
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Table  9 

Inventorv  of  Wastewater  Discharess 


INWJSTRZ/MUOTCIPAnElY 

RECEIVING  STREAM 

CCMMDNITY 

1.  Advance  Coatings  Co. 

Sncws  Mill  Pond 
tributary 

Westminster 

2.  Alden  Research  Laboratory 

Chaffins  Brook 

Holden 

3.  Ayer  WWTP 

Nashua  River 

Ayer 

4.  Bericey  Film  Processing 

Baker  Brook 

Fitchburg 

5.  Cushing  Acadeity 

Phillips  Brook 

Ashburhham 

6.  Delta  Si^xr.Wire  &  Cable 

Counter  Pane  Brook 

Clinton 

7.  BOC  Corp. 

Asnebumskit  Brook 

Holden 

8.  Fitchburg  East  WWTP 

North  Na^ua  River 

Fitchburg 

9.  Fitchburg  West  WWTP 

North  Na^ua  River 

Fitchburg 

10.  Foster  Grant  Co.  Inc. 

Priest  Brook 

Leominster 

11.  Groton  School 

Nashua  River 

Groton 

12.  Hollingsworth  &  Vose  Co. 

Sguamacook  River 

W.  Groton 

13.  Injectronics  Inc. 

Coachlace  Brook 

Clinton 

14.  James  River  Fitchburg 

Flag  Brook 

Fitchburg 

15.  James  River  P^)er  Co. 

Na^ua  River 

P^perell 

16.  Kelly  Co.,  Inc. 

Counter  Pane  Brook 

Clinton 

17.  Lab  Circuits  D.B.A. 

intermittent  stream 
to  Nashua  River 

Groton 

18.  Dept,  of  Corrections 

Whitman  River 

Gardner 

19.  D^:t.  of  Corrections 

Nashua  River 

Shirley 

20.  MWRA  Clinton  WWTP 

South  Branch  Nashua 
River 

Clinton 

21.  DPW  Water  Purif.  Plant 

Monoosnoc  Brook 

Leominster 

22.  P^sperell  WWTP 

Nashua  River 

P^iperell 

23.  P^perell  Power  Assoc. 

Nashua  River 

P^perell 

24.  Polysar  Inc. 

Wass  Brook 

Leominster 

25.  River  Terrace  Healthcare 

North  Nashua  River 

Lancaster 

26.  St.Benedict/St.lheresa 

unnamed  stream  to 
Nashua  River 

Stillriver 

27.  Shell  Oil  Co. 

Muddy  Brook 

W.  Bcylston 

28.  Simonds  Cutting  Tools 

Nashua  River 

Fitchburg 

29.  Tenneco  Inc. /Gas  Pipeline 

unnamed  brook  to 

Nashua  River 

Lancaster 

30.  Tucker  Housewares 

Fedl  Brook 

Leominster 

31.  Van  Erode  Milling  Co. 

Na^ua  River 

Clinton 

32.  Tennessee  Gas  Pipeline 

North  Nashua  River 

Leominster 
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Location  of  aquifers  studied  and  infiltration  sites  in  the  Nashua  River  basin. 


FIGURE  6 


- ^ -  BASIN  BOUNDARY 


10  MILES 


10  KILOMETERS 


^  CONTINUOUS-RECORD  GAGING  STATION 

•  MUNICIPAL  PUBLIC  GROUNDWATER 
SUPPLY  WELLS  IN  STUDY  AREA 


Principal  streams  and  areas  of  stratified  drift  In  the  Nashua  River  basin. 
(Modified  from  U.S.  Geological  Survey  Hydrologic  Investigations  Atlas  276.) 
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BIOLOGICAL  RESOURCES 

Uie  Nashua  River  basin,  in  particular  the  case  study  area,  is  a  hi^y 
diversified  ecological  system  si:5)porting  a  variety  of  vegetatiai  and 
wildlife.  This  was  not  always  the  case  thou^  as  the  Nashua  River, 
twenty-five  years  ago,  was  listed  as  cne  of  the  top  ten  polluted  rivers  in 
the  country.  Ifeavy  use  of  the  river  as  a  duirping  area  for  municipal  and 
industrial  wastes  since  the  1800's  had  reduced  the  waterway  to  a  slow 
moving,  open  sewer.  The  waterway  could  not  be  used  for  much  of  anything, 
often  smelled  badly,  and  was  not  desirable  to  live  near.  A  grass  roots 
movement  to  clean-a:ip  the  river  was  begun  in  the  early  1960's.  After  mn^’h 
on  the  part  of  the  Na^ua  River  Watershed  Association,  town 
administrators,  state  and  Federal  government  officials,  and  with  the 
backing  of  the  Federal  Water  Pollution  Act  of  1972,  the  way  in  vhich  the 
waterway  was  treated,  changed.  Water  guali'fy  standards  were  instituted 
and  enforced  to  inprove  wastewater  discharges,  treatment  plants  were 
tuilt,  and  conservaticai  lands  were  set  aside  to  protect  against 
overdevelopnient.  Today,  as  a  result  of  this  effort,  the  Nashua  River  is  a 
papular  spot  for  canoeing,  fishing,  hiking,  and  bird  watching. 

Vegetation 

A  detailed  description  of  wetland  plant  ccraraunities  ocxurring  in  the 
stufy  ar^  is  beyond  the  scope  of  the  study.  Ooramon  species  in  forested 
flcxx^lain  wetlands  in  central  Massachusetts,  however,  generally  inclxjde 
red  m^le,  swamp  vhite  oak,  slippery  elm,  silver  maple,  birches,  speckled 
alder,  sweet  p^pertu^,  swamp  azalea,  highbu^  blxieberry,  arrowwood, 
skxM^  cabbage,  jewelweed,  cardinal  flower,  and  cinnamon  fern,  sppoies 
laical  of  scrub-shrub  wetlands  include  speckled  alder,  dogwoods,  sweet 
p^perbu^,  meadcwsweet,  buttonbu^  (near  open  water) ,  hi^ibush  blueberry, 
willows,  skunk  cabbage,  and  cinnamon  fern.  Ocmmon  species  in  emergent 
wetlands  include  cattail,  sedges,  grasses,  woolgrass,  water  smartweed,  and 
pickerelweed. 

About  25  percent  of  the  study  area  is  forested  vpland.  C3ommon 
hardwood  species  in  the  overstory  include  caks,  sugar  maple,  American 
beach,  birch,  and  hickory.  White  pine  is  cxxnmon  in  fcirmer  pastureland  and 
hemlcxks  ocxur  on  cool,  north  facing  slopes  (Fletcher,  1990) . 

Most  of  the  raining  ipland  in  the  stucty  area  is  cropland  or 
olcJfield.  Extensive  natural  grasslands  are  also  present  at  the  Bolton 
Flats. 

Wildlife 

The  (iiverse  \^tland  and  vpland  cxinmunity  “^pes  present  in  the  study 
area  provide  habitat  for  a  great  variety  of  mammals,  birds,  reptiles,  and 
amphibians. 

Mammals  likely  to  be  present  in  the  area  include  river  otter,  beaver, 
muskrat,  mdhk,  filler,  weasel,  red  fox,  eastern  ocyote,  snowi^oe  hare, 
cottontoil  rabhit,  vhite-tail  deer,  racooon,  striped  skunk,  woodchuck, 
porcrpine,  gray  squirrel,  flying  squirrel,  chipmunk  ,  and  several  species 
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of  mice,  voles,  shrew,  and  bats  (Fletcher,  1990;  Corps  of  aigineers, 

1990) .  Among  these,  beaver,  mink  muskrat,  racxxon,  fisher,  and  fox  are 
most  frequently  tra{^)ed  (Hoi^t,  1992) . 

Numerous  species  of  sonc^irds,  waterfcwl,  r^jtars,  and  other  birds 
occur  in  the  study  area,  including  about  140  resident  or  migratory  species 
vdiich  may  breed  in  the  area  (see  DeGgraff  and  Kudis,  1987) .  Two  hundred 
and  twelve  species  have  been  reported  from  the  Bolton  Flats,  including  87 
species  vhich  are  kncwn  to  nest  at  the  area  (Fletcher,  1990) .  The  Bolton 
Flats,  OidxM  Naticxial  Wildlife  Refuge,  and  P^perell  Pcaid  also  provide 
excellent  habitat  for  migrating  Canada  geese  and  other  waterfcwl. 

Common  r^jtiles  and  amphibians  likely  to  occur  in  the  stucfy  area 
include  red-backed  salamander,  American  toad,  ^ring  pe^)er,  bullfrog, 
leopard  frog,  ood  frog,  snapping  turtle,  painted  turtle,  northern  water 
sn^e,  eastern  garter  snake,  and  northern  black  racer  (DeGraff  and  Rudis, 
1987) . 

Fish 

The  Naj^ua  River  supports  a  good  warmwater  recreational  fishery 
(Fletcher,  1990) .  Based  CMi  1974  Massachusetts  DFW  sampling  of  the 
main-stem  Na^ua  River  in  P^perell  and  Ayer,  the  most  ccramon  fish  present 
in  the  sbm^  area  are  \*iite  sucker,  goldfish,  sunfish,  shiners,  bullhead, 
largemouth  bass,  and  pickerel. 

The  Squannacook  and  Nissitissit  rivers,  both  major  tributaries  of  the 
Nashua  River,  are  heavily  stocked  with  trout  and  considered  to  be  two  of 
best  trout  streams  in  Massachusetts  (Fletcher,  1990) . 

Rare.  Threatened,  or  Rndanaf^rod  Species 

State  listed  threatened  or  endangered  species  known  to  occur  in  the 
study  area  include  vp)land  sanc^iper,  gras^opper  sparrow,  pied-billed 
grebe,  northern  harrier,  and  Blanding's  turtle. 

State  listed  "special  concern"  species  kncwn  to  occur  in  the  stutfy 
area  include  blackpoll  warbler,  American  bittern,  osprey.  Cooper's  Havk, 
sharp-idiinned  havk,  spotted  turtle,  wood  turtle,  eastern  box  turtle, 
northern  water  shrew,  southern  bog  lemming,  I^^ic  Valley  amphipod,  blue 
spotted  salamander,  and  climbing  fern. 

TVro  federally  endangered  species,  the  bald  eagle  and  peregrine  falcon, 
occur  in  the  area  as  transients. 

WITHOUT  PROJECT  CONDITION 

The  first  task  in  quantising  the  costs  and  benefits  of  our  case  stuS 
is  to  determine  the  "without  project  condition".  The  future  condition  of 
the  NVS  areas  will  directly  impact  the  analysis  that  is  attempted. 
Specifically,  the  amount  of  storage  area  that  will  be  lost  throu^ 
development  in  the  future  must  be  estimated.  Once  that  is  done  then  there 
are  several  alternative  ways  to  quantiS  "the  costs  and  benefits  of  an  NVS 
project. 
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For  instance,  one  method  would  involve  making  a  projection  of  the 
future  amount  of  total  storage  area  that  will  be  lost.  For  illustration 
purposes,  assume  30  percent.  Hie  cost  of  the  NVS  project  would  be  the 
protection  of  cd.1  of  the  storage  area  in  order  to  prevent  their  loss. 
benefit  would  be  the  difference  in  expected  benefits  with  a  30%  storage 
loss  versus  no  loss  at  all.  Hiis  is  v^t  was  dcxie  in  the  rha-ripa  River 
Stuity.  This  method  could  produce  relatively  hi^  project  costs,  but  would 
ensure  that  none  of  the  storage  area  is  developed  and  the  projert  function 
is  protected. 

Another  method  would  be  to  assume  that  in  the  future,  all  of  the 
storage  area  is  lost.  Hie  cost  of  a  NVS  project  that  would  ensure  only 
the  assumed  30%  loss  takes  place,  would  be  the  cost  of  protecting  70%  of 
the  storage  area.  Hie  benefit  would  be  the  difference  in  eiqiected 
benefits  tetween  a  100%  loss  and  30%  loss.  Hiis  method  presents 
difficulties  in  that  it  may  be  based  on  an  unreeLListic  future  condition. 

A  third  e^roach  would  be  to  assume  that  in  the  future,  a  specific 
amount  of  the  storage  area,  eissume  30  percent,  will  be  lost.  Hie  cost  of 
a  NVS  project  would  be  the  protecticai  of  only  these  30%.  Hie  benefit 
would  be  the  same  as  described  in  the  first  method.  Hiis  method  can  also 
present  prcAilems  because  development  could  take  place  on  other  ur^arotected 
lands  and  the  project  function  would  be  undermined.  Hiis  method  requires 
accurate  predicticxi  of  vAiat  storage  areas  will  be  lost  in  the  future. 

For  the  purpose  of  this  case  stucfy  the  third  method  described  will  be 
used.  Based  on  reconnaissance  level  research,  it  e^jpears  about  70%  of  the 
storage  area  being  examined  is  well  protected  against  future  development. 
Iftider  the  most  extreme  circumstances,  a  maximum  of  30%  of  the  storage  area 
may  be  developed  in  the  future.  Hiis  is  caie  of  two  without  project 
scenarios  that  will  be  examined.  During  the  stucty  it  was  e^parent  that 
the  lands  under  this  30%  have  varying  amounts  of  protection  throu^ 
existing  regulaticais.  For  example,  the  Wetlands  Protection  Act  requires 
ccnpensatory  flood  storage  for  projects  within  the  100  year  floo(%)lain.  A 
more  realistic  without  project  condition  may  be  the  loss  of  10%  of  the 
storage  area.  Hierefore,  a  10%  loss  scenario  will  also  be  ccaisidered  in 
the  Ccise  study.  Hie  bai^it  will  be  the  difference  in  e}$)ected  benefits 
with  a  10%  or  30%  storage  loss  versus  no  loss  at  all.  Hie  cost  of  the 
project  would  be  the  protecticm,  throu^  outri^t  purchase  and/or 
establishment  of  <31* s,  of  the  10%  or  30%  of  storage  area.  Hiis  method  of 
analysis  was  seen  as  acc^itable  for  this  case  stu(ty  due  to  the  large 
number  of  identifiable  protected  lands  in  the  stut^  area.  However,  use  of 
this  method  in  either  scenario  assumes  that  it  is  possible  to  identify  and 
acxjuire  those  lands  \idiich  would  otherwise  be  developed. 

Finally,  it  is  assumed  in  this  analysis  that  a  percentage  of  land 
developed  is  equivalent  to  the  same  percentage  of  storage  area  lost.  In 
reali'^,  there  can  be  a  difference  between  development  and  complete 
functional  loss  of  storage  area.  Development  can  take  place  cxi  a  parcel 
of  land  and  some  storage  capacity  remain.  However,  that  difference  is 
very  difficult  to  determine  and  therefore,  in  this  analysis,  these  two 
terms  are  cxMisidered  equal. 
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COSTS  OF  PROTECTING  NVS  AREAS 

There  are  generally  two  ways  of  protec±ing  natural  valley  storage 
areas:  instituting  scrae  form  of  restricticm  on  a  parcel  of  land  or 
purchasing  the  land  outri^t.  Donated  land  is  also  a  way  of  chtaining  and 
protecting  a  parcel,  hut  not  a  dependable  cx>e.  As  part  of  this  r-ase 
stucty,  the  first  two  mentioned  avenues  were  es^lored. 

Several  land  trusts  in  the  stucfy  area  were  contacted  to  determine  the 
prices  they  were  payii^  to  protect  flooc^lain  lands.  With  regard  to 
conservation  restrictions  the  information  was  very  limited.  Several 
factors  including  surveying,  appraised  value,  title  search,  recording,  and 
monitoring,  make  the  cost  of  putting  a  conservation  restxiction  into 
place.  The  individual  exists  vary  greatly  according  to  the  parcel's  size 
and  market  value.  All  groips  contacted  stated  that  there  was  no  average 
exist  for  CR's.  D^iending  on  the  situation,  the  cost  could  be  as  low  as  a 
coiple  hundred  dollars  per  acre  or  as  hi^  cis  a  cocple  thousand  dollars 
per  acre.  With  regard  to  fee  siitple  or  purchasing  the  lands  to  protect 
them,  the  land  trusts  gave  average,  per  acre  costs  of  around  $1,500  to 
$1,700. 

Cor^'  real  estate  personnel  conducted  a  limited  analysis  of  land 
values  in  the  study  area.  Based  on  their  research  it  was  dst-jar-mirvad  that 
the  land  cost  varied,  but  that  an  average  cost  of  $2,000  per  acre  was 
suitable  for  our  ca^  stu^.  A  more  detailed  cost  analysis  would  be 
need^  to  refine  this  estimate.  In  any  event,  the  value  seemed  reasonable 
in  li^t  of  the  Massachusetts  Department  of  Fisheries,  Wildlife  & 
Environmental  Law  Ehforcement  letter  of  S^xtember  18,  1990  vhich  indicated 
their  average  purchase  price,  for  wetland  and  rpland  oonibined  during  the 
years  1988-1990,  averaged  about  $1,500  per  acre. 

For  purpxises  of  this  case  study  an  average  price  of  $2,000  per  acre 
for  protecting  the  lands  will  be  used.  This  value  could  be  less  if  CR's 
were  eitployed.  Hewever,  due  to  the  uncertainty  of  costs  involved  throu^ 
that  avenue  of  protection,  the  average  purchase  price  will  be  the  basis  of 
the  cost  analysis.  Purchasing  10%  or  480  acres  of  NVS  area  would  cost 
$960,000.  Purchasing  30%  or  1440  acres  would  cost  $2,880,000.  These  are 
total  investment  costs.  The  annual  cost,  based  on  an  interest  rate  of  8 
1/4%  and  a  period  of  analysis  of  50  years,  is  $81,000  and  $242,000, 
reflectively.  Annual  eperation  and  maintenance  costs  are  not  included  in 
these  figures. 

BENEFITS  OF  PROTECTING  NVS  AREAS 

The  benefite  for  the  case  study  were  calculated  using  a  "without 
project  condition"  versus  a  "with  project  condition"  analysis  framework. 

In  comparing  the  without  and  with  project  conditions,  the  iirprovements 
that  woi^d  occur  with  a  project  can  be  clearly  analyzed  and  the  benefits 
of  the  nrprovement  can  be  determined.  As  demonstrated  previously,  the 
without  project  conditicai  must  include  a  specific  amount  of  storage  a-rtaa 
that  is  projected  to  be  lost.  In  our  case  study,  the  projected  amounts 
are  10%  and  30%  of  tte  storage  area.  The  benefits  of  a  project  are  then 
determined  by  analyzing  the  effects  of  the  loss  of  storage  inclixUng: 
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increased  flcxxi  damages,  the  loss  of  wildlife  habitat,  recreaticaicG. 
opportunities,  or  other  values.  The  following  discussion  will  focus  on 
quantifying  various  benefit  categories  using  methodologies  described 
earlier  in  this  r^xjrt.  Where  information  was  lacking  or  the  effort 
beyond  the  sccpe  of  this  study,  the  st^s  needed  to  quantify  the  benefit 
asre  included. 

Flood  Damage  Reduction 

For  the  case  stody,  two  flood  prc»ie  areas  in  the  City  of  Na^ua, 
located  on  the  Nashua  River,  were  chosen  for  the  application  of  the  flood 
damage  reducticm  benefit  methodology  (see  Figure  5) .  These  two  areas  were 
chosen  because  they  are  located  dcwnstream  of  the  natural  Vcill^  storage 
areas  and  could  be  affected  by  increased  flood  stages  if  the  storage  areas 
were  lost.  It  is  iirportant  to  note  that  this  analysis  is  not  a 
ocnprdiensive  review  of  the  flood  reduction  benefits  of  NVS.  The  purpose 
of  this  analysis  is  to  solely  demonstrate  the  evaluation  technique. 

Reach  1  is  a  damage  area  located  in  the  city  of  Nashua  on  the  Nashua 
River  above  Mine  Falls  Dam,  near  the  border  of  Nashua  and  the  town  of 
Hollis,  New  Hampshire.  The  damage  area  contains  87  structures,  all  of 
vhich  are  residential  structures,  and  many  of  vhich  are  contained  in 
several  trailer  parks.  Of  the  87  structures,  75  are  trailers  and  12  are 
single  family  homes.  Reach  1  includes  houses  and  trailers  located  on 
Marina  Drive,  Riverside  Circle,  Cheryl  Street,  LeeAnn  Street,  Xenia 
Street,  Fotene  Street,  Blank  Street,  Natick  Street,  Cheshire  Street, 

Tilton  Street,  Winchester  Street,  Sunset  Street,  and  Waterview  Trail. 

Reach  2  is  a  damage  area  located  in  Nashua  on  the  Nashua  River  belcw 
Mine  Falls  Dam  and  above  Jackson  Mills  Dam.  Reach  2  is  located  dcwnstream 
of  Reach  1,  and  is  located  just  x^jstream  of  downtown  Na^ua.  Like  Reach 
1,  Reach  2  contains  only  residential  structures.  The  damage  area  incliides 
18  single  family  homes,  2  di:5)lexes,  and  122  tcwnhouse-style  apartment 
units,  for  a  total  of  142  residential  units,  and  includes  structures 
located  on  Miami  Street,  Bums  Street,  Tanpa  Street,  Bitimas  Street,  and 
Newton  Drive. 

The  first  st^  in  calculating  flood  damage  reduction  benefits  is  to 
conduct  a  flood  damage  survey.  The  three  critical  pieces  of  information 
needed  are  the  type  of  structure,  first  floor  elevation,  and  the  elevation 
of  the  start  of  damages.  The  first  floor  elevations  were  obtained  xasing 
records  provided  by  the  Cil^  of  Na^ua.  The  type  and  lew  water  entry 
point  of  each  structure  were  determined  throu^  a  field  survey  conducted 
by  C3orps'  personnel.  Structures  located  within  the  flood  zone  (100-year 
and  500-year)  were  considered  during  the  surv^. 

Since  all  of  the  structures  in  the  two  damage  areas  are  residential, 
typical  stage  damage  functions  were  used  to  estimate  the  damages  that 
would  occur  in  each  structure  at  various  levels  of  flooding.  The  typical 
damage  functicsis  \jsed  were  develcped  by  the  New  England  Division,  CJorps  of 
Engineers,  and  are  based  on  an  engineering  analysis  of  the  r^)air  and 
r^lacement  costs  for  typical  structures  and  contents.  The  typical 
residential  structure  curves  used  include  a  small  one-family  house,  medium 
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one-family,  large  one-family,  trailer  home,  and  apartment  imit.  Ihe 
ocnibination  of  the  cxillecbed  field  data  with  the  typical  damage  functions 
yield  a  total  stage-damage  curve  for  each  of  the  two  reaches. 

The  second  st^  in  calculating  flood  damage  reduction  benefits  is  to 
ocmbine  the  toted,  stage-damage  curve  for  each  reach  witti  the 
hydrologically  develc^jed  stage-frequency  curve  for  each  reach.  The  result 
of  this  second  st^  is  the  determination  of  the  recurring  and  eJ5)ected 
annual  losses  for  each  reach.  The  stage-frequency  curves  graphiccilly 
d^ict  the  change  in  flood  elevation,  for  varying  frequency  of  flood 
events,  between  the  existing  oonditicais  (no  loss  of  NVS  areas)  and  the 
expected  future  condition  (10%  and  30%  NVS  loss) . 

The  calculaticffi  of  these  curves  involved  a  detailed  hydrologic 
analysis.  The  availability  of  several  gages  along  the  Nashua  River 
enabled  the  calibration  of  a  oemputer  model  of  the  river.  The  March  1936, 
September  1938,  and  May/ June  1984  storm  events  were  used  to  provide 
historic  flood  data  needed  for  the  model  calibration.  The  1936  flood 
event  was  lased  as  the  flood  of  record  and  r^resented  an  i:5per  limit  of 
the  NVS  extent  and  the  basis  for  estimating  storage  loss.  Percent  losses 
were  ^plied  to  the  cross  sections  of  the  1936  flocxied  area.  The  effect 
on  the  dewnstream  flood  hydrogreph  was  then  measured  with  each  projected 
loss  scenario.  Discharge-frequency  and  stage-discharge  relationships  were 
determined  fac  the  two  damage  areas.  Stage-frequency  curves  fear  the  two 
arecis  were  then  determined  frem  these.  For  a  1%  chance  of  exceedance 
(100-year)  event,  a  flood  stage  increase  of  0.6  feet  and  1.2  feet  was 
calculated  for  the  area  above  Mine  Falls  Dam,  for  the  10%  loss  and  the  30% 
loss  scenarios,  respectively.  For  a  detailed  description  of  the  analysis 
refer  to  ippendix  C. 


Recurring  losses  are  those  potenticil  flood  losses  that  are  expected  to 
occur  at  various  stages  of  flooding  under  current  develcpnent  conditions. 
As  the  final  output  of  the  flood  damage  survey  process,  the  dollar  value 
of  losses  in  the  project:  area  are  determined  for  an  array  of  events 
ranging  from  very  likely  to  very  rare  events.  Table  10,  below,  ^ews  the 
losses  expected  for  selected  events  for  each  damage  reach  under  existing 
development  cx>nditions. 


Table  10 

Recurrincr  Losses  -  Existing  Conditions 


Flood  Event 
5-year 
10-year 
20-year 
25-year 
50-year 
i 00-year 


%  Chance 
of  Occurrence 
20% 

10% 

5% 

4% 

2% 

1% 


Reach  1 
$  15,200 

$  41,400 

$  158,900 

$  209,800 

$  496,600 

$1,045,400 


Reach  2 
$  0 

$  0 

$  0 

$  54,700 

$1,507,600 
$4,580,100 


Espected  annual  losses  are  calculated  by  multiplying  the  recurring 
losses  expected  at  each  flood  elevation  by  the  annual  percent  chance  of 
occurrence  that  each  flood  elevation  will  be  reached,  and  then  adding  the 
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resulting  figures  together.  Ihe  resulting  total  equals  the  expected 
annual  losses  for  that  damage  reach,  and  r^resents  the  average  annual 
flood  losses  that  can  be  expected  to  occur  given  the  entire  range  of 
probabilities  associated  vdth  floods  of  different  magnitudes.  Ihe  effec¬ 
tiveness  of  a  flood  damage  reduction  plan  is  measured  by  the  extent  to 
^lich  it  reduces  e}q)ected  annual  losses.  Ihe  expected  annual  losses  for 
each  of  the  two  damage  reaches  examined  in  this  analysis  were  calculated 
for  existing  develc^xnent  conditions,  as  well  as  for  10%  and  30%  storage 
losses.  Ihe  resulting  annual  loss  figures  are  ^own  in  Table  11,  below. 


Table  11 

Expected  Annual  Losses 


Existing 

Ccaiditions 

Peach  1  $  47,200 

Reach  2  $107.900 


10%  Loss 
$  51,700 
$122.600 


30%  Loss 
$  62,200 
$148.500 


Total 


$155,100 


$174,300  $210,700 


Ihe  flood  damage  reducticxi  benefits  are  determined  by  calculating  the 
difference  between  the  annual  losses  assuming  storage  area  is  lost,  and 
the  annual  losses  under  existing  conditicans.  Table  12,  belcw,  shews  the 
annual  flood  damage  reduction  benefits  for  each  reach  assuming  a  10%  loss 
of  stachge  and  a  30%  loss  of  storage. 


Table  12 

Annual  Flood  Damage  Reduction  Benefits 


10%  Loss  Scenario 

Annual  Flood  Damage  Benefits  $19,200 


30%  Loss  Srg>nario 
$55,600 


Cost  of  Flood  Insurance  Premivmis 

Benefits  for  flood  insurance  cost  savings  were  calculated  using  two 
different  methods.  Ihe  first  method  is  allcwed  under  Corps  guidelines. 
Uhder  current  Corps  regulations,  only  the  reduction  in  the  administrative 
overhead  costs  of  the  flood  insurance  program,  measured  on  a  per  policy 
basis,  can  be  counted  as  project  benefits.  For  the  ceise  stutty,  vhich  is 
not  limited  to  benefit  categories  allcwed  in  Corps  analyses,  the  actual 
cost  of  the  policy  peiid  by  property  owners  is  used  as  the  benefit.  Ihe 
current  FIA  (Flood  Insurance  Administration)  overhead  cost  is  $111  per 
policy.  Ihe  current  average  policy  cost  used  was  $350  per  policy.  Ihe 
use  of  either  of  these  figures  results  in  benefits  ej^essed  in  annual 
terms,  because  both  the  overhead  costs  and  the  actual  policy  costs  are 
incurred  annually. 

In  order  to  determine  the  benefits  \ander  either  method,  it  must  be 
determined  hew  many  structures  would  be  in  the  100-year  flooc^lain  without 
a  project  tut  would  not  be  in  the  100-year  flooc^lain  with  the  project. 

In  the  without  project  condition,  the  elevation  of  the  100-year  flood  will 
increase  as  the  storage  area  is  lost.  With  the  project,  the  storage  area 
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is  preserved,  and  flocxi  stages  do  not  increase.  Benefits  for  flood  insur¬ 
ance  costs  saved  were  ccilculated  by  determining  the  number  of  structures 
v^dh  currently  have  first  floor  elevations  above  the  100-year  flood  ^ 
elevaticffi,  but  v^ch,  in  the  without  project  condition,  would  have  first 
floor  elevations  equal  to  or  belcw  the  100-year  flood  elevaticai. 

In  this  case  study,  an  anadysis  of  the  first  floor  elevations  and  the 
100-year  flood  elevations  in  each  scenario  yielded  the  following  results. 
In  the  10%  loss  scenario,  one  additional  structure's  first  floor  would  be 
located  at  or  below  the  100-year  event  elevation.  In  the  30%  loss  scenar¬ 
io,  a  total  of  two  additicgial  structures'  first  floors  would  be  located  at 
or  below  the  100-year  flood  elevation.  A  more  ccanplete  analysis  would 
involve  redelineating  the  floopladn  boundaries  to  determine  eQ.1  the  struc¬ 
tures  affected.  This  was  b^OTid  the  sccpe  of  this  stuc^.  Based  on  the 
method  vised,  the  flood  insurance  cost  savings  benefits  are  as  follows. 
Using  the  Cocps  guidance  ^^proach  of  taking  the  administrative  cost  of 
$111  per  policy  per  year  as  the  benefit,  the  annual  benefit  under  the  10% 
loss  scenario  pyjnaig  $111/  and  the  annual  benefit  under  the  30%  loss 
scenario  $222.  Using  the  approach  of  taking  the  yearly  ^licy  cost 

of  approximately  $350  per  year  as  the  benefit,  the  annual  benefit  under 
the  10%  loss  scenario  is  $350,  and  the  annual  benefit  under  the  30%  loss 
scenario  is  $700.  Ihe  flcx^  insurance  benefits  are  summarized  in  Table  13. 

Table  13 

Flood  Insurance  Cost  Savings 

10%  Loss  .qry»naT-io  30%  Loss  Scpna-rio 

Corps  ^proach  $111  $222 

( administrative 

cost  savings)  — 

Policy  Cost  i^proach  $350  $700 


Enhanced  Property  Values 

There  may  or  may  not  be  enhanced  prcperty  value  benefits  to  a  natural 
Vcdley  storage  project  oti  the  Nashua  River.  Whether  there  would  be  such 
benefits  would  d^iend  on  the  different  determinants  of  prcfperty  values 
cQ.ong  the  Nashua  River  and  the  degree  to  vdiich  each  determinant  affects 
the  property  values.  There  are  many  factors  such  as  the  regional  economic 
condition,  the  demand  for  housing,  the  age  and  condition  of  a  structure, 
and  other  aesthetic  values  vhich  can  affect  prcperty  values.  It  is 
difficult  to  determine  the  effect,  if  any,  that  being  near  preserved  open 
space  car  conservation  land  will  have  on  property  values.  Even  if  it  were 
determined  that  there  was  a  positive  effect,  it  would  be  even  more  diffi¬ 
cult  to  determine  the  magnitude  of  the  effect.  Due  to  the  difficulties 
involved,  these  benefits  were  not  calculated  in  this  case  stucfy. 

Recreation 

Currently,  the  Nashua  River  and  the  lands  along  the  river  are  used  for 
a  variety  of  recreational  activities,  including  canoeing,  boating. 
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fishing,  hiking,  nature  weilks,  and  other  related  activities. 

Usage  figures  were  not  available  for  any  of  the  recreation  areas  in 
the  stucty  area.  Ihe  only  usage  data  that  Wcis  avciilable  was  a  usage  figure 
of  170,000  pec^le  per  year  at  the  Great  Meadcws  Wildlife  Refuge  area, 
vAiidi  is  located  cai  the  Sudbury  River  in  Sudbury,  Massachusetts .  The  two 
areas  are  in  proximity  to  one  another  and  serve  the  same  generad 
population  area.  So,  in  the  absence  of  any  other  data,  the  170,000  people 
per  year  usage  figure  was  used  for  demonstration  purposes  as  an  estimate 
of  recreation  xise. 

Three  methods  of  estimating  the  recreational  value  of  the  NVS  areas 
were  considered  in  this  case  study.  The  first  one  is  the  lanit  day  value 
(UDV)  method. 

To  use  the  unit  day  value  (UDV)  method  to  estimate  recreationcil 
benefits,  the  first  st^  is  to  estimate  the  dollar  value  of  the  recreation 
cpportunities  available  in  the  stutfy  area  by  assigning  the  UD7  points 
according  to  the  UCfV  guidelines.  The  guidelines  and  parameters  for 
assigning  the  point  values  are  shown  in  i^jpendix  D.  Due  to  the  lack  of 
specific  usage  figures  for  each  different  recreation  activity  in  the  stutty 
area  this  UDV  analysis  was  done  viewing  the  entire  stu(^  area  as  one 
site.  All  of  the  recreational  c^portunities  available  in  the  stuc^  area 
were  ocsnbined  and  evaluated  together.  Once  the  point  values  were 
assigned,  the  totad  point  value  was  converted  to  a  dollar  value  based  on 
the  conversion  table  also  shewn  in  i^pendix  D.  This  information  is  part 
of  current  Corps  of  Engineers'  guidance. 

Table  14 

Assignment  of  unit  Dav  Value  Points 

Point 

Assignment 


Recreation  Eiperience  20 

Availability  of  Opportunity  6 

Carrying  Capacity  8 

Accessibility  14 

Environmental  14 

Total  62 

$  tJDV  Conversicai  $5.40 


The  above  point  assignments  were  made  based  on  the  guidelines  shown  in 
the  appendix  and  using  the  following  rati(xiale.  For  the  characteristic 
"Recreation  Experience",  a  value  of  20  out  of  30  possible  points  was 
assigned.  The  reason  being  that  the  recreational  areas  in  the  stut^  area 
contedn  a  variety  of  activities  including,  hiking,  educationad  nature 
wadks,  fishing,  and  canoeing,  and  that  several  of  these  activities  could 
be  considered  hic^  quadity  activities.  For  the  characteristic 
"Availability  of  Cp^rtunity",  a  value  of  6  out  of  18  was  assigned.  The 
reascxi  being  that  similar  recreationad  opportunities  can  be  found  within 
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cMie  hc3ur  travel  time,  but  similar  quality  opportunities  cxjuld  not  be 
easily  found  within  30  minutes  travel  time.  For  the  characteristic 
'•Carryir*?  Capacity*',  a  value  of  8  out  of  14  was  cissigned.  The  reason 
being  that  the  site  was  judged  to  have  good,  adequate  facilities  needed  to 
conduct  the  recreation  activities  available.  For  the  characteristic 
"Accessibility",  a  value  of  14  out  of  18  was  assigned.  The  reason  being 
that  the  recreaticai  sites  in  the  stuc^  area  are  generally  accessible  by 
well-maintained  public  roads.  For  the  characteristic  "Environmentcil",  a 
value  of  14  out  of  20  was  assigned.  Ihe  reason  being  that  the  recreation 
sites  were  judged,  in  general,  to  have  a  hi^  esthetic  quality.  Ihe  sum 
of  all  of  these  point  assignments  yields  a  point  total  of  62.  Using  the 
conversion  table  provided  in  table  D-2  in  the  appendix,  the  recreation 
sites  in  the  sbody  area  have  a  value  ^proximated  at  $5.40  per  \aser  per 
day. 


It  is  difficult  to  estimate  the  way  in  vhich  the  recreation 
opportunities  currently  available  in  the  stu^  area  would  be  affected  in 
the  without  project  condition  if  seme  of  the  storage  areas  are  lost  to 
development.  For  estimation  purposes,  it  is  assumed  in  this  case  stuefy 
that  in  the  10%  loss  scenario,  the  total  recreation  use  in  the  stu^  area 
would  be  reduced  by  10%,  and  that  in  the  30%  loss  scenario,  the  total 
recreation  use  would  be  reduced  by  30%.  Ihus,  it  is  estimated  that  in  the 
10%  loss  scenario  the  recreational  usage  will  decline  by  17,000  lasers  per 
year  (170,000  X  10%  =  17,000),  and  that  in  the  30%  loss  scenario  the  lasage 
will  decline  by  51,000  lasers  per  year  (170,000  X  30%  =  51,000) .  Ihe  value 
of  these  losses  is  estimated  by  multiplying  the  usage  loss  by  the  laaiit  day 
value  of  $5.40.  under  the  10%  loss  scenario,  the  loss  is  valued  at 
$91,800  (17,000  users  X  $5. 40/user  =  $91,800).  Uhder  the  30%  loss 
scenario,  the  loss  is  valued  at  $275,400  (51,000  users  X  $5. 40/user  = 
$275,400) .  With  the  NVS  project,  these  losses  would  be  prevented.  Ihe 
recreation  benefits  equal  the  value  of  the  losses.  Ihe  recreation 
benefits  are  summarized  below  in  Table  15. 

Table  15 

Recreation  Benefits  -  IMit  Day  Value  Method 

10%  Loss  Scenario  30%  Loss  Scenario 

Annual  Recreation  Benefits  $91,800  $275,400 

Use  of  the  travel  cost  method  to  estimate  recreational  benefits  was 
considered,  but  determined  to  require  ext^isive  data  collection  idiich  was 
beyond  the  scope  of  this  case  stucty.  If  the  travel  cost  method  were  to  be 
used,  it  would  be  necessary  to  survey  a  sanple  of  the  users  of  the 
recreation  sites  in  the  stu(^  area.  Ihe  most  effective  survey  would 
likely  be  dcxie  throu^  on-site  interviews.  In  the  survey,  the  most 
important  information  that  would  need  to  be  collected  would  be  the 
distance  the  user  travelled  to  get  to  the  site,  the  time  it  took  the  user 
to  get  there,  the  primacy  purpose  of  the  trip,  and  the  number  of  visits, 
the  user  expects  to  make  that  year  to  the  site.  Some  general  demographic 
information  ^ould  also  be  collected.  I^  travel  cost  data  collected 
could  then  be  statistically  analyzed  to  estimate  the  demand  curve  for  each 
recreation  site.  Ihe  value  of  the  recreation  activities  could  then  be 
estimated  by  calculating  the  area  under  the  demand  curve. 
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The  cxjntingent  value  method  (CVM)  was  edso  ocaisidered  for  estimating 
the  recreation  benefits  from  a  NVS  project.  The  CVM  was  also  determined 
to  be  beyond  the  scope  of  this  case  stucty.  If  the  CVM  were  to  be  used,  a 
survey  would  have  to  be  developed  eisking  specific  questions  regarding  the 
recreational  opportunities  available  on  and  ed.ong  the  Nashua  Kiver.  The 
survey  would  give  the  respondent  the  importunity  to  value  the  recreation 
importunities.  The  results  of  the  survey  could  then  be  statistically 
analyzed  to  estimate  the  dollar  value  of  the  recreation  opportunities. 

Recreation  Induced  Regional  Econcmic  Develoofnent 

The  calculation  of  recreation  induced  regic^ial  econcmic  development 
benefits  was  cdso  determined  to  be  beyond  the  scope  of  this  case  study. 
However,  if  they  were  to  be  calculated,  the  follcwing  st^)s  would  be 
required.  The  first  st^  would  be  to  determine  the  number  of  people  per 
year  viiich  ta]ce  advantage  of  the  various  recreatiOTi  cpportunities  cxi  and 
along  the  Nashua  River.  The  second  st^  would  be  to  estimate  the  average 
amount  spent  in  the  region  by  each  user.  This  would  most  effectively  be 
done  by  analyzing  the  usage  patterns  of  the  different  types  of  users,  and 
then  surveying  a  sample  of  each  type  of  user.  Once  these  first  two  steps 
are  completed,  the  data  can  be  combined  to  determine  the  total  dollar 
value  of  the  eipenditures  hrou^t  into  the  regional  econcny  ty  the 
recreational  site.  In  general,  recreational  sites  vifaLch  are  used  by 
people  viio  travel  long  distances,  eat  in  local  restaurants,  purchase 
sipplies  in  area  shops,  and  stay  ovemi^t,  have  the  greatest  econcmic 
im^ct  on  the  regional  econcny.  Recreational  sites  viiich  are  xised 
primarily  by  pecple  living  very  close  to  the  site  and  for  short  periods  of 
time,  eliminate  much  of  the  need  for  .restaxirants  and  stores,  and  may  have 
much  less  or  even  no  impact  on  the  regional  economy. 

In  researching  this  case  study,  information  was  obtained  from  the  US 
Fish  and  Wildlife  Service  (USFWS)  concerning  recreation  eipenditures  for 
several  different  types  of  recreation  activities.  Every  five  years,  USIWS 
conducts  a  detailed  survey  of  recreation  usage  and  publi^es  the  results. 
The  most  recent  survey  for  vhich  results  are  available  was  done  in  1985. 
The  results  are  shewn  in  the  r^»rt  entitled,  "1985  National  Survey  of 
Fishing,  Hunting,  and  Wildlife  Associated  Recreation".  A  more  recent 
survey  was  conducted  in  1990,  the  results  of  vhich  are  ejpected  to  be 
available  by  January  1993.  The  data  available  in  the  sur\^  was  examined 
for  use  in  this  case  stuefy.  However,  it  was  found  to  be  not  e^licable. 
The  data  available  ^owed  total  expenditures,  by  state,  and  for  the  nation 
for  three  classes  of  recreaticaial  activities:  fishing,  hunting,  aixi 
'•wildlife  associated  recreaticai".  While  such  data  would  be  useful  for 
determining  the.  overall  econcmic  impact  of  recreation  on  the  entire 
state's  econemy,  there  is  no  way  to  determine  what  portion  of  the  total 
stote  expenditures  are  spent  as  a  result  of  the  specific  recreational 
sites  being  available  in  the  stucty  area.  Only  those  expenditures  made  at 
the  site  or  made  as  a  result  of  those  sites  being  available,  ^ould  be 
included  in  an  analysis  of  the  economic  inpact  of  those  sites.  Since  such 
site  specific  data  was  not  available  from  the  USFWS  survey,  it  was  not 
ijsed  for  further  benefit  analysis  in  this  case  stuefy. 
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Ihe  third  st^  in  calculating  recreaticai  induced  benefits  would  then 
be  to  determine  the  extent  of  the  multiplier  effect,  vAiich  is  the  degree 
to  viiich  $1  spent  in  the  region  increases  the  total  inccme  and  eitplqyroent 
of  the  region.  The  multiplier  effect  can  be  detemined  throu^  the  \ase  of 
input-out^xit  models.  Ihere  are  a  variety  of  input-output  models  avcdlable 
throu^  various  sources.  There  is  an  input-output  model,  KIMS  II,  vhich 
is  available  throu^  the  US  D^jartroent  of  Ccamterce  and  v^ch  is  frequently 
used  in  government  analyses.  Another  input-output  model  vhich  cculd  be 
used  is  called  EEFS,  the  Econcndc  Impact  Forecasting  System,  vhich  was 
developed  by  the  Department  of  Defense  and  is  available  throu^  the 
Uhiversity  of  Illinois  at  Urbana-Chanpaign,  Department  of  Urban  and 
Regional  Planning.  Use  of  either  model  would  yield  an  estimate  of  the 
total  econcamic  irpact  of  the  recreation  expenditures  in  the  regioneil 
econcmy.  If  time  and  funds  are  not  available  for  the  \ise  of  a  model,  an 
econcndc  multiplier  developed  in  similar  studies  could  be  used  as  an 
^proxdmation.  Research  would  have  to  be  done  to  locate  studies  done  by 
governmental  agencies,  planning  agencies,  or  other  researchers,  in  vhich 
multiplier  effects  for  recreation  activities  were  calculated.  The 
multiplier  value  could  then  be  multiplied  by  the  regional  recreation 
expenditures  calculated  in  st^  2,  above.  The  resulting  figure  would  be 
an  ^proximation  of  the  toted  econcndc  iitpact  of  the  recreation  activities 
on  the  regional  econeny.  In  general,  multiplier  values  for  recreation, 
tourism,  and  related  activities  tend  to  range  in  value  from  1.5  to  2.5. 

Water  Quality 

Water  quality  benefits  for  this  case  stutfy  were  not  quantified.  No 
identifiable  relationship,  was  able  to  be  made  between  the  storage  ai^as 
and  water  quality.  The  Nashua  River  is  currently  rated  as  having  Class  B 
waters.  Thou^  the  location  of  each  point  discharge  is  known,  the  effect 
NVS  areas  have  on  iitproving  the  water  quality  of  the  Nashua  River  was  not 
establi^ed.  The  existence  of  this  relationship  and/or  to  vhat  extent  it 
mi^t  exist  would  require  detailed  field  sairpling  and  monitoring.  If 
aiplicable  data  were  available  for  this  case  stu(^,  two  methods  in 
particular  were  seen  as  useful  for  calculating  water  qualily  benefits. 

The  first  such  method  is  the  r^lacement  cost  methodology.  Figure  8 
is  a  flow  chart  that  describes  the  procedure  for  using  this  method.  NVS 
areas  may  treat  wastewater /runoff  or  provide  a  clean  surface  water  sipply 
at  or  downstream  of  the  area.  The  effect  on  these  services,  due  to  the 
loss  of  a  certain  NVS  area,  must  then  be  determined.  The  benefit  of 
protecting  the  NVS  area  is  the  cost  saved  in  providing  an  improved  or 
alternate  form  of  service. 

The  second  method  presented  is  the  hedonic  price  technique.  A  flow 
chart  describing  the  method  is  shewn  in  Figure  9.  This  method  ^proaches 
water  quality  from  an  aesthetic  point  of  view.  Water  quality  benefits  are 
measured  as  a  function  of  the  cost  an  owner  adjacent  to  the  water  is 
willing  to  pay  to  protect  a  NVS  area  that  contributes  to  the  river's 
aesthetic  qualities.  This  method  requires  a  detailed  analysis  of  real 
estate,  with  and  without  a  view  of  the  water,  and  carefully  pr^xared 
interviews  with  the  property  owners. 
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Erosicai  Control 


The  erosion  control  benefit  calculaticsi  can  be  done  in  cxie  of  two 
ways.  The  first  method  identified  is  again  the  r^lacement  cost 
methodology.  In  this  case  the  erosion  impact  on  an  individual  property  or 
properties  is  measured,  that  results  from  excavating  or  filling  a  NVS 
area.  The  benefit  measured  is  the  avoided  cost  of  providing  extra 
protection  against  the  increased  erosional  effects.  Figure  10  describes 
the  process  in  more  detail.  The  method  is  certciinly  very  ^jplicable  to 
coastal  situations  but  can  also  be  used  in  riverine 

the  lack  of  infarmation  aveiilable  at  this  level  of  stuc^,  a  determination 
of  the  increased  erosion  with  storage  loss  was  not  calculated. 

The  other  method  found  to  be  xiseful  for  this  benefit  category  is  the 
damage  cost  methodology.  Similar  to  the  r^lacemait  cost  method,  the 
effects  of  increased  erosion  are  mecisured.  The  avoided  cost  of  repairing 
damaged  property  is  the  benefit  to  be  gained  by  preserving  NVS  areas. 
Figure  11  describes  the  process  in  detail.  Again,  the  lade  of  measurable 
data  relating  storage  loss  to  erosion  in  the  case  study  prevents  a  benefit 
from  being  calculated. 

Groundwater 

Potenticil  benefits  to  groundwater  can  also  be  calculated  vising  the 
r^laoement  cost  methodology.  Groundwater  sources  to  be  used  in  the 
future  or  that  are  currently  being  used,  are  first  identified.  A 
relationship  between  the  NVS  areas  and  the  aquifer,  and  the  inpact  the 
loss  of  storage  would  have  on  the  water  stpply  must  then  be  identified. 

The  benefit  of  protecting  the  storage  area  is  the  avoided  cost  of 
providing  an  edtemate  or  enhanced  source  of  groundwater.  Figure  12  is  a 
flew  chart  that  describes  the  process  in  more  detail. 

An  exact  relationship  between  the  major  municipal  groundwater  supplies 
and  natural  valley  storage  areas  identified  in  the  case  stut^  area  could 
not  be  determined.  Available  information  appears  to  indicate  that 
aquifers  in  the  area  primarily  dischai^ge  to  wetlands,  but  during  certain 
times  of  heavy  draw-dewn  may  also  esperience  recharge.  Of  the 
relationship  between  vpland  storage  areas  and  aquifers,  there  was  no 
information.  Without  specific  information  on  the  relationship  between  the 
two,  a  determinaticHi  of  the  benefit  gained  by  protecting  the  storage  area 
could  not  be  made. 

Ccpimercial  Products 

Based  CXI  available  data,  cqpproximately  ten  individuals  harvest 
furbearers  in  the  project  area  on  a  regular  basis.  These  individuals 
concentrate  on  muskrat  and  mink,  but  seme  beaver,  otter,  and  fox  are  also 
tr^ped. 

No  information  about  the  number  of  furbearers  harvested  annually  from 
the  stax^  area  or  their  sale  value  is  available.  The  average  annual 
inexme  frem  sale  of  raw  pelts  in  tfassachusetts  ranges  from  about  $400  to 
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$1500  dollars  per  trappy  (see  data  provided  by  Deck^,  1992) .  Using 
these  values,  and  assuming  that  ten  trappers  are  active  in  the  stut^  area, 
the  annual  vilue  of  furs  trapped  from  the  4800  acre  area  ranges  from  about 
$0.80  to  $3.10  per  acre.  Because  virtually  all  furbearers  trs^ped  in  the 
area  are  probably  wetland  depe^ent  species,  it  may  be  more  appropriate  to 
calculate  per  acre  furbearer  yield  based  solely  on  wetland  acreage. 
Assuming  that  42  percent  of  the  stuc^  area  is  wetland,  furbearer  value 
ranges  from  $  2.00  to  $7.40  per  wetland  acre  per  year.  An  average  value 
would  be  $4.70  per  wetland  acre.  In  the  30%  scenario,  96  acres  of  wetland 
could  be  lost.  Ihe  benefit  of  protecting  the  96  acres  would  be 
$450/year.  In  the  10%  scenario,  assume  1/3  of  the  area  or  32  acres  are 
lost.  The  benefit  of  protecting  the  32  acres  would  be  $150/year. 

No  kncwn  commercial  hunting,  fishing,  or  logging  takes  place  in  the 
stucty  area,  so  a  benefit  determination  for  these  ccmmercial  products  was 
not  attempted. 

Agriculture 

Ihe  value  of  wetlands  and  flooc^lains  for  agriculture  can  be 
determined  by  calculating  the  net  value  of  the  production  of  the  lands. 

Net  valiae  is  determined  by  subtracting  the  production  costs  from  the  gross 
market  value  of  the  goods  produced.  Ihe  agricultural  production  value  for 
the  agricultural  areas  of  land  in  the  case  stu£^  area  were  estimated.  Ihe 
results  are  shewn  in  the  two  paragrephs  belcw.  Hewever,  in  examining  the 
potenticil  benefits  of  a  natural  valley  storage  project,  it  was  determined 
that  the  agricultural  production  value  must  also  account  for  alternative 
land  use.  Ihe  reascai  becomes  clear  vhen  analyzed  within  the  without 
project/with  project  condition  fitramework.  In  the  with  project  condition, 
the  storage  arecis  in  the  stucty  area  will  be  preserved,  and  the  storage 
area  lands  that  are  currently  being  used  for  agricultural  production 
probably  would  continue  to  be  xised  for  that  purpose.  In  the  without 
project  condition,  the  agricultural  lands  in  the  stuc^  area  may  be 
developed.  Where  before  the  lands  produced  agricultural  products,  etfter 
being  develcped,  the  lands  may  produce  other  products,  such  as  space  for 
housing,  stores,  or  a  factory.  If  develcpment  does  occur,  it  will  occur 
because  it  is  demanded  in  the  marketplace  in  the  same  way  that  the 
agricultural  products  are  demanded  in  the  marketplace.  In  comparing  the 
with  and  without  project  conditions  then,  there  cculd  be  a  change  in  the 
nature  of  the  goods  produced  by  the  land.  Ihe  value  of  the  lost 
agricultural  products  cannot  be  counted  unless  the  value  of  the 
cilternative  use  is  counted  as  negative  benefits  or  project  costs.  Ihis 
was  not  able  to  be  calculated  in  this  study.  Agricultural  production 
value  was  determined  to  be  a  valid  and  useful  way  of  determining  the  gross 
value  of  a  resource,  but  did  not  readily  yield  figures  that  could  be 
translated  into  project  benefits. 

Althou^  this  method  was  not  able  to  be  used  to  calculate  a  project 
benefit,  data  on  agricultural  production  in  the  study  area  was  collected 
to  show  hew  agricultural  production  value  can  be  used  to  calculate 
resource  value.  Based  on  the  open  space  waps,  it  was  determined  that 
cropland  makes  vp  approximately  17%  or  816  acres  of  the  total  natural 
valley  storage  in  the  stutfy  area.  It  was  determined  that  288  acres  of  the 
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816  acres  of  cropland  are  strictly  protected  and  that  the  reiaaining  528 
acres  could  possibly  be  lost  to  development.  Again,  using  the  open  space 
waps,  the  approximate  acreage  of  cropland  in  NVS  areas  for  each  oonnrunity 
in  the  stui^  area  was  determined.  Ihe  Soil  Ccaiservation  Service  then 
provid^  information  on  the  agricultural  products  produced  in  each 
ooDoraunity.  Tte  primary  agricultural  products  in  Pepperell  are  hay  and 
silage  com;  in  Grotcai,  vegetables  and  sweet  com;  in  Harvard,  hay;  and  in 
Lancaster  and  BoltCTi,  silage  com.  In  a  more  detailed  stui^,  the 
producers  would  be  specifically  identified  and  ocxitacted  to  find  out  the 
specific  items  produced. 

Uie  Soil  Conservatioi  Service  also  provided  information  on  the  average 
yield  of  different  agricultural  products  per  acre,  and  the  average  market 
P^i^  per  acre.  This  information,  ocsiibined  with  the  acreage  and  usage 
estimates,  made  it  possible  to  estimate  the  annual  gross  value  of  the 
agricultural  production  cxi  NVS  areas  in  each  town.  For  example,  it  was 
estimat^  that,  of  the  NVS  areas  in  Lancaster,  there  are  220  acres  ot 
vhich  silage  corn  is  grown.  Silage  com  was  found  to  yield  about  20  tons 

3^cre  and  have  a  market  value  of  $27  per  ton.  The  gross  value  of  the 
agricultural  producticxi  in  the  NVS  areas  in  Lancaster  is  $118,800  (220 
acres  X  20  tcais/acre  X  $27/tcai  =  $118,000) .  The  next  st^  required  in  the 
calculation  is  to  subtract  the  producticai  costs  from  the  gross  value  to 
determine  the  net  value.  The  average  producticxi  costs  per  acre  for  the 
differe^  agricultural  products  were  obtciined  from  a  Cornell  Uhiversi"^ 
stutty  titled,  "Feasibility  of  Producing  and  Marketing  Fresh  Vegetables  in 
Central  and  Western  New  York"  ,  A.E.  Research  91.1,  February  1991,  by 
Raymond  Barnes  and  Gerald  White,  Department  of  Agricultural  Econcsnics, 
Cornell  IMiversi'^.  In  general,  production  costs  for  the  different 
agricultural  products  tended  to  range  from  40%  of  the  market  value  to  75% 
of  the  market  value.  Silage  com  was  found  to  have  a  production  cost  of 
about  $300  per  acre  per  year.  The  production  costs  for  the  silage  com 
produced  cm  220  acres  in  Lancaster  thus  equal  $66,000  (220  acares  X 
$300/acre  =  $66,000) .  The  net  value  of  silage  com  on  220  acres  in 
lancaster  thus  equals  $52,000  ($118,800  -  $66,000  =  $52,000).  This 
equates  to  a  net  value  of  $236  per  acre  per  year. 

The^  same  steps  can  be  followed  for  the  other  types  of  agricultural 
production  in  the  other  communities.  In  following  these  steps  for  each  of 
the  cropland  areas  incliaded  in  the  NVS  areas  in  Pepperell,  Groton, 

Shirley,  Harvard,  Lancaster,  and  Bolton,  the  average  net  value  of 
agricultural  prcxiuctiCTi  was  found  to  be  about  $580  per  acre  per  year.  The 
gross  agricultural  value  of  the  NVS  areas  lost  to  development  would  be 
$306,200  ($580/acre  X  528  acres  =  $306,000).  The  10%  loss  scenario  would 
produce  a  value  cxie  third  this  or  $102,100.  As  explained  previously, 
these  values  are  not  the  benefits  attributed  to  avoiding  the  storage 
loss.  The  alternate  use  value  of  these  lands  would  need  to  be  subtracted 
from  these  figures  to  derive  the  exact  benefit. 

loncf-dtena  Carbon  Storage 

A  method  used  for  attenpting  to  determine  the  eocxicmic  value  of  carbcai 
storage  in  wetlands  and  vplands  in  the  case  stu^  was  the  r^lacement  cost 
analysis.  In  this  method,  the  cost  of  planting  trees,  that  sequester  the 
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same  amount  of  carbon,  is  an  estimate  of  the  eocaxxnic  value  of  that  carbon 
storage.  Examples  of  values  are  shown  in  table  D-3  in  J^^jendix  D. 

Carbon  storage  values  range  from  $60  per  acre/year  for  emergent 
wetlands  to  $260/acre/year  for  forested  wetlands.  Cie  wei^ted  average 
for  wetlands  within  the  study  area  is  about  $220/acre/year.  Forested 
vplands  have  a  value  of  $660/acre/year. 

An  actual  benefit  calculation  was  not  made  using  these  average  carbon 
storage  valu^  for  reasons  similar  to  those  presented  in  the  agriculture 
category.  First,  demand  for  the  r^lacement  of  trees  and  shn^bp  to  store 
the  carbon  could  not  be  determined.  UiLess  there  is  a  need  for  its 
replacem^  demonstrated,  then  the  benefit  to  society  is  questionable. 
Second,  if  there  was  a  need  for  this  replacement,  to  \diat  extent  would 
r^lacem^t  need  to  take  place.  Devel^ment  of  NVS  areas  dn^  not 
necessarily  mean  that  cill  trees  and  shrubs  are  removed  frcm  the  area; 
amount  of  cover  is  usually  left  untouched.  Also,  a  developed  area  may 
exchange  a  certain  amount  of  trees  or  shrubs  for  another  kind  which  would 
reduce  the  amount  of  inpact  expected  to  occur.  If  these  iR<ai«=>g  could  be 
addressed  then  a  benefit  calculation  could  be  determined  by  sinply 
multiplying  ^  oost/acre/year  and  the  amount  of  each  type  of  vegetation 
to  be  lost  without  the  project. 

TOTAL  RESOURCE  VALUE 

As  described  earlier,  one  way  of  evaluating  the  worth  of  NVS  areas  is 
to  lock  at  it  as  a  vhole.  The  cost  of  r^lacing  an  oitire  storage  area, 
the  amount  of  energy  captured  by  an  area,  or  the  price  people  are  willing 
to  pay  to  protect  a  storage  area,  are  all  ways  of  measuring  the  total 
resource  value.  For  purposes  of  this  case  stucty,  three  different  methods 
were  evalviated. 

The  r^lacement  cost  method  was  \3sed  to  measure  a  wetland's  worth  by 
the  oo^  of  r^lacing,  in  kind,  an  acre  of  that  wetland.  An  estimate  of 
r^lacing  vpland  was  not  calculated  due  to  a  lack  of  information.  Wetland 
replacement  cost  can  be  estimated  from  either  the  actual  cost  of  ocnpleted 
wetland  construction  projects  or  by  estimating  the  cost  of  constructing  a 
hypothetical  wetland. 

Althouc^  numerous  wetlands  have  been  built  in  Massachusetts  xander  the 
state's  Wetland  Protection  Act,  no  publi^ed  informatian  about  the 
coi^truction  costs  of  these  wetlands  or  other  wetlands  in  the  northeastern 
Wilted  States  was  available.  Wetland  restoraticai  ea^aerts  contacted 
indicate  that  ccxistructicai  costs  vary  widely,  d^aending  on  real  estate 
costs,  type  of  wetland  constructed,  and  local  construction  costs. 

Wetland  r^lacement  cost  vras  determined  by  estimating  the  hypothetical 
cost  of  constructing  a  10  acre  forested  or  scrub— shrub  and  emergent 
wetlands.  Total  planning  and  construction  costs  amount  to  about 
$84, 000/acre  for  the  forested  wetland  and  $88,000/acre  for  the  emergent 
wetland.  A  detailed  breakdown  of  these  costs  is  i^own  in  i^pendix  D. 
Costs/acre  could  be  substantially  more  or  less  d^ending  on  the  amount  of 
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excavation  needed  to  reach  prefer  grade,  real  estate  acquisition  costs, 
and  local  constructicai  costs. 


Ihe  benefit  derived  here  would  be  the  mitigation  costs  avoided  (if 
such  mitigatiw  was  required)  by  preserving  the  storage  areas.  For  every 
acre  of  wetland  protected  in  our  case  stuefy,  about  $86,000  would  be  saved 
as  result  of  mitigaticai  avoided.  Based  on  an  interest  rate  of  8  1/4%  and 
a  period  of  analysis  of  50  years  this  is  equivalent  to  an  annual  cost  of 
$7,200. 

Another  measure  of  total  resource  value  is  the  energy  analysis 
method.  An  estimate  of  the  eccxonic  value  of  wetlands  and  forested 
Inlands  in  ^e  stucty  area  using  the  energy  analysis  method  (Oostanza  et 

,  1989)  is  presented  in  detail  in  J^ppendix  D.  This  method  uses  the 
total  aonount  of  energy  captured  by  an  ecosystem  as  an  estimate  of  its 
potential  to  do  useful  work.  Ihe  c^roach  involves  valuing  the  gross 
primary  production  (GFP)  of  an  ecosystem  or  ccnmainity  based  on  the  cost  of 
equivalent  energy  provided  by  fossil  fuels.  This  method  ^ould 
theoretically  place  an  i^^per  limit  on  the  econamic  value  of  products 
prxxiuced  by  the  system.  The  analysis  used  followed  the  Oostanza  method, 
with  the  ^c^xtion  that  values  were  calculated  based  on  net  primary 
productivity  (NPP) ,  rather  than  GPP.  NPP  was  used  because  it  seems  to  be 
a  better  measure  of  the  potential  of  a  ^^stem  to  yiej.a  useful  outputs  than 
gross  primary  productivity  (GPP) . 

Wetland  Vcilues  determined  by  this  technique  ranged  from  $19/acre/year 
for  riyerine/open  water  habitat  to  $120/acre/year  for  emergent 
communities.  Ihe  wei^ted  average  for  wetland  areas  within  the  stuefy 
is  about  $47/acre/year.  Forested  vpxlands  have  a  value  of  $90/acre/year. 

Again,  the  values  for  both  the  replacement  cost  and  the  energy 
analysis  methods  was  left  in  per  acre  format.  The  effect  that  development 
would  have  on  each  of  these  per  acre  values  was  not  easily  discerned  and 
so  the  actual  benefits  to  be  gained  by  preserving  the  NVS  areas  is  not 
knewn. 

Finally,  the  contingent  value  method  can  be  used  to  measure  the  total 
resource  value  of  natural  storage  arecis.  Ihou^  only  mentioned  here  in 
the  case  stuefy,  the  ccaitingQit  value  method  can  be  used  to  measure  other 
benefit  categories  such  as  recreaticai,  water  quality,  and  aesthetics. 
Conducting  an  actual  caitingent  value  stut^  to  determine  NVS  area  values 
was  teyond  the  scope  of  this  stu^.  However,  a  simple  l^pothetical 
contingent  value  survey  was  developed  to  illustrate  hew  the  technique 
mi^t  te  ^plied  to  the  case  stuc^.  Ihe  surv^  is  ^ewn  in  detcdl  in 
i^pendix  E.  I^ign  of  the  st\ry  is  loosely  based  cm  a  contingent  value 
study  of  willingness  to  pay  for  wetlands  preservation  in  Kentucl^ 
(Whitehead,  1990) . 

Ihe  primary  objective  of  the  cxintingent  value  survey  would  be  to 
determine  the  value  of  Na^xia  River  natural  valley  storage  areas  that  are 
at  ride  to  future  development.  Value  would  be  based  on  respondent 
willingness  to  contribute  to  a  hypothetical  "Natural  Valley  Storage 
PreservaticMi  Fund". 
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Massachusetts  households  would  be  the  sairpling  vmit.  Households  from 
each  county  in  the  state  would  be  selected  randomly  from  telephone 
directories.  Ihe  number  of  hous^lds  sairpled  from  each  county  would  be 
proportional  to  the  county  peculation. 

^e  sample  size  requir^  depends  on  the  desired  degree  of  statistical 
confidence,  the  likely  variabili"^  in  the  data,  and  likely  percentage  of 
non—res^ndents.  Sample  size  can  be  determined  based  on  various 
statistical  formulas  or  previcus  experience.  Results  detained  by 
Vihitehead  (1990)  sugge^  that  a  sample  size  of  about  700  would  provide  an 
adequate  estimate  of  willingness  to  pay  for  natural  valley  storage 
preservaticmi. 

Ihe  survey  would  be  administered  by  mail.  Non-respondents  would  be 
ccxitacted  with  follcw^np  letters.  Re^xmdents  would  be  provided  with  a 
cover  letter  explaining  the  stucty  and  background  information  shown  in  the 
excample  survey.  After  reading  the  survey,  respondents  would  be  asked  how 
much  their  household  would  be  willing  to  contribute  to  the  hypothetical 
fund  in  order  to  preserve  the  stuc^  area  from  development.  IWo  sets  of 
questicainaires  would  be  administered.  One  would  indicate  that  30%  of 
study  storage  areas  will  be  lost  over  a  period  of  time,  say  the  nexd:  50 
years.  The  second  set  would  state  that  a  10%  loss  would  occur.  All 
respondents  would  be  asked  a  series  of  perscxial  questions  ainvyj  at 
determining  factors  influencing  willingness  to  orartribute  to  the  fund  and 
to  detect  potential  biases  in  the  stuc^. 

Natural  valley  storage  preservation  value/acre  would  be  determined  by 
multiplying  the  average  hcus^old  ocwitribution  by  the  number  of  households 
in  the  state  and  dividing  ty  the  number  of  acres  of  NVS  preserved. 
Regression  analysis  would  then  be  used  to  excamine  relationships  between 
willingness  to  ocmtribute  to  the  fund  and  various  factors.  Potentieil  bias 
would  be  detected  by  oemparing  factors  such  as  mean  age  and  mean  household 
income  with  state  census  data. 

BENEFIT/COST  COMPARISON 

As  indicated  earlier,  the  Cctse  stucty  was  conducted  to  demonstrate 
methods  of  quantifying  the  benefits  and  costs  of  preserving  natural  valley 
storage  areas.  This  demonstraticai  did  not  include  the  entire  watershed, 
nor,  due  to  time  and  funding,  was  every  method  pursued  to  ccnpletion.  As 
a  result,  a  benefit/oost  ratio,  the  indicator  of  a  project's  economic 
feasibility,  was  rxot  calculated  as  it  would  be  misleading.  If  a 
benefit/cost  ratio  was  calculated  it  would  entail  a  oenparism  of 
annualized  benefits  vs  annualized  costs.  For  excample,  in  this  case  stuefy 
annual  flood  damage  reducticai  benefits  of  $19,200  and  $55,600  were 
determined  for  the  10%  loss  and  30%  loss  scenarios,  respectively. 

Corps  of  Engineers  regulations  require  that  benefits  v^ch  will  occur 
in  the  future  be  discounted  to  present  value  equivalents,  based  on  the 
federal  interest  rate  for  water  resources  projects,  in  order  to  reflect 
the  time  value  of  mc^iey.  The  time  value  of  mon^  is  the  concxept  that  $1 
today  is  wo^  more  that  $1  in  the  future.  In  this  case  stuefy,  the 
without  project  conditicmi  projects  that  development  will  occur  on  certain 
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NVS  lands  in  the  future.  The  benefits  to  an  NVS  project  are  derived  frcm 
the  effects  of  that  develcpnent.  Since  all  of  the  projected  develcpnaent 
will  not  occur  immediately,  the  benefits  are  in  essence  future  benefits, 
benefits  that  will  occur  at  scrae  time  in  the  future  vAien  the  development 
occurs. 

In  order  to  calculate  the  annual  benefits  witii  the  time  value  of  mon^ 
conc^xt  taken  into  account,  it  is  necessary  to  estimate  vdien  in  the  future 
the  projected  development  will  occur.  Since  it  is  very  difficult  to  make 
such  a  projection,  several  different  calculaticns  were  made  to  ^ow  the 
range  of  possible  vcQ.ues  of  the  benefits  d^xending  on  the  assuirption 
made.  All  of  the  following  calculations  were  made  using  a  period  of 
analysis  of  50  years  and  a  Federal  interest  rate  for  water  resources 
projects  of  8  1/4  percait.  The  value  of  the  annual  benefits,  adjusted  to 
take  into  account  the  time  value  of  money,  were  calculated  assuming  that 
development  occurs  by  year  10  of  the  period  of  analysis,  ty  year  25,  and 
by  year  50.  Each  calculation  assumes  that  the  develcpnent  cxxurs  in  such 
a  way  that  the  benefits  increase  at  a  constant  rate  from  year  0  to  the 
year  the  total  calculated  benefits  are  achieved.  Hois  analysis  does  not 
include  the  use  of  an  inflation  factor. 

The  value  of  the  dLscxxunbed  annual  f  Icxxi  damage  reducticMi  benefits  is 
shewn  below  in  Table  16.  These  figures  are  shown  s^xarately  frcm  the 
full,  undisccRonted  benefits  mentioned  above,  sincxe  an  analysis  performed 
outside  of  Corps  regulations  may  not  require  this  type  of  disexjunting  to 
be  performed. 


Table  16 

Present  Value  of  Future  Flocxl  Damage  Reducticai  Benefits 


Annual  Benefits  Annual  Benefits 

10%  less  Scenario  30%  LOSS  Sexenario 


Losses  exxurring  by  Year  1 
(no  (Jiscounting) 

Losses  oexurring  by  Year  10 
Losses  exxurring  by  Year  25 
Losses  occxirring  by  Year  50 


$19,200 

$55,600 

$13,600 

$39,300 

$  8,300 

$24,200 

$  4,600 

$13,200 

7.  SUMMARY  AND  COJCIUSICMS 


This  report  provides  a  cx*Bprdiensive  investigation  into  the  role  of 
natural  valley  storage  as  a  method  of  reducing  future  flood  damages.  The 
r^jort  begins  by  describing  the  Corps  of  Engineers  mission  in  flood 
control  and  the  forty-nine  flood  control  projects  constructed  in 
Massachusetts.  One  of  the  xmique  ways  of  controlling  future  flooding  is 
throu^  the  preservation  of  natural  valley  storage  areas.  These  areas  are 
oosnnposed  of  wetlands  and  flooc^lains  that,  due  to  certcdn  physical 
features  (vegetatiai,  soil,  topogr^hy,  and  proximity  to  the  flood 
source) ,  have  the  ability  to  teattporarily  detain  flood  waters.  This 
detention  c^ability  has  the  effect  of  delaying  and  reducing  peak 
discharges  downstream.  The  Corps  of  Engineers'  Charles  River  Natural 
Valley  Storage  Project  in  Massachusetts  is  certainly  one  of  the  most 
xjnigue  projects  of  its  kind  in  the  country.  A  benefit  to  cost  analysis 
conducted  as  part  of  a  1972  Corps'  r^xort  concluded  that  preserving 
(either  throu^  purchase  or  easement)  about  8,000  acres  of  natural  storage 
areas  cdong  the  Charles  River  was  econcaaically  justified. 

This  r^»rt  provides  a  detailed  listing  of  methods  for  quantising  the 
costs  and  benefits  of  a  natural  valley  storage  project.  Traditionally, 
Corps  of  Engineers'  studies  have  focused  on  reducing  flood  damages.  This 
r^»rt  went  further  and  locked  at  other  benefit  categories  such  as  flood 
insurance  savings,  recreation,  water  quality#  erosion  control,  groundwater 
recharge,  ccnimercial  fi^  and  wildlife  or  other  products,  agriculture, 
education,  and  carbon  storage.  A  literature  search  revealed  that  there 
are  many  methods  that  theoretically  could  be  \ised  for  quantising  these 
benefits.  TraditioncLLly,  the  Corps  of  Engineers  has  focused  on 
damages/costs  prevented  as  its  method  of  baiefit  calculation.  Hcwever, 
th^e  are  cither  methods,  at  least  in  theory,  -that  can  be  used,  such  as: 
unit  day  value,  travel  cost  method,  contingent  value  method,  r^lacement 
cost  method,  hedonic  price  method,  and  market  revenues  method. 

The  r^x3rt  nact  attenpted  to  display  seme  of  these  methodologies 
throu^  a  case  stuS*  “Ihe  case  stucty  focused  on  the  nain  stem  of  the 
Nashua  River  in  Massachusetts.  It  was  chosen  because  of  the  availability 
of  hydrologic  data  in  the  area.  A  hydrologic  anzilysis  was  performed  that 
identified  over  4,800  acres  of  flood  storage  lands  and  determined  the 
effect  that  the  loss  of  storage  would  have  on  f IcxDd  elevations  downstream 
in  Na^ua,  New  Hampshire.  About  70%  of  the  storage  area,  including  the 
FEMA  detemined  f Icxxiway,  was  found  to  be  strictly  protected  against 
develcpment.  The  remaining  30%,  exmposed  mainly  of  forest  and  carcpland 
aloi^  the  cuter  firings  of  the  storage  area,  was  determined  to  be  the 
maximum  amount  of  potentially  develcpable  land.  Ten  and  thirty  percent 
loss  of  total  storage  scenaricjs  were  fouiid  to  incrementally  increase 
dewnstream  flocd  stages,  for  the  area  above  Mine  Falls  Dam,  by  0.6  feet 
and  1.2  feet  (for  the  100-year  event),  respectively.  The  increased  flcxjd 
stages  for  the  area  above  Jackson  Mills  Dam  was  found  to  be  0.7  feet  and 
1.7  feet  for  the  two  loss  scenarios.  These  increases  in  stages  are  a 
result  of  increased  flexxi  discharge  due  to  the  loss  of  rpstream  NVS.  When 
analyzing  the  NVS  area  fear  the  30  percent  loss  scenario  seme  encroachment 
into  the  FEMA  designated  floodway  was  assumed.  This  anad.ysis  resulted  in 
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flcxxi  stage  increases  of  over  1  foot  throu^out  much  of  the  NVS  area. 

Ihese  increcises  are  due  to  the  effects  of  reduced  flcM  area  and  storage 
volume  along  with  the  resulting  increases  in  flood  discharge  calculated  by 
the  one-dimensicaied.  xmsteacfy  flew  model  used  in  this  stuc^. 

Exanples  of  calculations  to  demcaistrate  develcpaent  of  annual  costs 
and  annual  benefits  were  included  losing  grxoss  estimating  criteria. 

Figures  develc^oed  were  intended  to  illustrate  cost  and  benefit 
quantification  techniques  but  should  not  be  used  as  a  measure  of  NVS  value 
within  the  case  stuefy  area.  Biat  determination  would  require  significant 
additional  investigation.  Demonstration  level  annual  costs  for  land 
acquisition  for  the  10  and  30  percent  loss  scenarios  and  annual  benefits 
for  flood  damage  reduction,  recreaticai,  flood  insuo:ance  savings,  and 
oonimercicil  products  are  described.  Gross  values  for  agriculture, 
long-term  carbon  storage,  wetland  r^lacement,  and  aiergy  outpjt  were  also 
calculated  but  due  to  a  lack  of  information  could  not  be  presented  on  a 
ccmparable  annual  basis. 

As  a  result  of  the  work  done  during  this  study  several  conclusions  can 
be  made. 


1.  From  a  hydraulic  and  hydrologic  starr^xDint,  natural  valley  storage 
can  be  a  very  effective  means  of  preventing  increases  in  future  flood 
damages.  However,  every  storage  area  is  unique  and  must  be  investigated 
to  determine  its  capability  of  tenporarily  retaining  flood  waters.  An 
investigaticMi  of  the  river  bcisins  within  the  state  should  be  undertaken  to 
identify  those  with  the  best  potential  for  NVS  projects. 

2.  As  part  of  its  flood  ccxrtrol  mission,  the  Corps  of  Engineers  has 
and-^ould  continue  to  consider  natural  valley  storage  as  a  viable  flood 
control  soluticai. 

3.  In  an  eooncmic  anal^is  of  the  costs  and  benefits  of  preserving 
natural  valley  storage  areas,  the  without  project  condition  chosen  has  a 
great  itnpact  on  the  estimated  costs  and  benefits  of  any  prc^xjsed  project. 
The  amount  of  storage  area  anticipated  to  be  lost  needs  to  be  carefully 
ccatnpared  against  existing  regulatory  constraints  and  an  inventory  of 
already  preserved  lands. 

4.  Costs  for  preserving  natural  valley  storage  areas  are  generated 
using  two  ocramonly  \ased  methods:  outri^t  purchase  or  instituting 
conservation  restrictions.  For  a  grotp  of  land  parcels,  the  latter  method 
can  often  provide  a  less  ejqjensive  project. 

5.  The  traditicaicd  use  of  damages  prevented,  unit  day  value,  or 
market  value  methods  are  very  good  measures  of  flood  control,  recreation, 
flood  insurance,  and  ccramercial  fish  and  wildlife  benefits. 

6.  A  i  Iterature  review  revealed  that  there  are  several  evaluative 
methods,  at  least  in  theory,  that  can  measure  other  benefit  categories 
such  as;  water  quality,  groundwater,  agriculture,  habitat,  education, 
aquatic  food  chain  st^jport,  long-term  carbon  storage,  nonuse  and  total 
resource  values.  Ihe  more  pcpular  procedures  are  the  travel  cost  method, 
contingent  valxae  method,  replacement  cost  method,  and  hedonic  price 
method. 
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7.  As  shown  in  Table  5,  in  order  to  measure  a  particular  storage 
area's  total  valiae,  several  methodologies  may  need  to  be  employed.  When 
performing  this  analysis  care  must  be  exercised  against  double  counting 
certain  values. 

8.  Using  the  Na^ua  River  and  its  adjacent  storage  areas  in  a  case 
stxxty: 

o  traditional  methods  were  used  to  calculate  flood  damage 

reduction,  recreation,  flood  insurance,  and  commercial  product 
benefits. 

o  market  value,  r^lacement  cost,  and  energy  out^xit  techniques  were 
used  to  calculate  gross  values  of  agriculture,  long-term  carbon 
storage,  and  total  resource  value.  Sufficient  infonnation  to 
convert  these  gross  values  to  actual  benefits  was  not  available. 

o  the  contingent  value  and  r^lacement  cost  methodologies  were 

found  to  avail  themselves  well  to  the  calculation  of  benefits  not 
ecisily  determined  such  as  water  quality,  groundwater,  erosion 
control,  habitat,  and  toteil  resource  value.  A  lack  of  available 
information  did  not  allcw  the  actual  quantificatic:.  of  these 
benefits  during  the  case  stucfy,  but  the  methods  were  described  in 
detail. 

o  the  contingent  value  method,  d^jending  on  how  the  contingent 

value  survey  is  designed,  can  measure  several  benefit  categories 
at  once.  Strict  control  of  contingent  value  surveys  is  needed  to 
avoid  the  possible  double  counting  of  benefits. 


X. ..  ^ 


77 


8 .  REmyiMENDATICTJS 


The  preceding  work  has  led  to  the  following  recommendations: 

The  CcannoTwealth  of  Massadhiasetts  should  continue  to  proceed 
cdong  a  path  of  providing  protection  of  its  natural  valley 
storage  lands  throu^  regulations  such  as  the  Wetlands  Protection 
Act  and  the  National  Flood  Insurance  Program.  Althou^  this  may 
TOt  ccnpletely  address  the  loss  of  natural  valley  storage  areas, 
in  many  cases  the  proper  enforcement  of  existing  Federal  and 
state  regulations  can  avoid  the  need  for  outri^t  acquisition  of 
storage  lands. 

The  research  performed  as  part  of  this  investigation  identified 
several  methodologies  that  can  be  used  to  evaluate  the  eccaicniic 
value  of  preserving  natural  valley  storage.  However,  as  was 
demonstrated  in  the  Na^ua  River  Case  Stucty,  applica^on  of  these 
methods  can  involve  a  significant  amount  of  data  collection, 
evaluation,  and  lancertainty.  This  r^xDrt  recommends  that  a 
preliminary  screening  effort  be  conducted  to  identify  significant 
natural  valley  storage  areas  within  Massachusetts.  This 
screening  effort  should  include:  identification  of  floo(%)lain 
areas  v^Dstream  of  l^e  potential  damage  centers,  a  determination 
of  each  areas'  ability  to  store  floodwaters,  an  evaluaticai  of  the 
areas'  potential  risk  to  develcpment,  and  an  inventory  of 
potentially  impacted  natural  resources.  Risk  to  development 
would  include  an  evalxiation  of  the  laws  and  regulations 
protecting  the  areas,  the  historical  amount  of  these  being 

lost  to  development  and  an  evaluation  of  current  and  future 
development  pressures  in  the  region.  Any  detailed  evalxiaticais, 
similar  to  those  described  in  this  r^jort,  ^ould  cxily  be 
conducted  for  those  areas  vhich  are  shown  to  be  favorable  throuc^ 
the  screening  process. 

There  appear  to  be  several  different  methods  (travel  cost, 
contii^ent  value,  r^lacement  cost,  market  value)  available  for 
quantifying  less  traditional  benefit  values  in  planning  studies. 
These  methodologies  should  be  utilized  vherever  possible.  Corps 
of  Engineers'  studies,  given  the  necessary  information,  could 
also  use  these  methods  to  calculate  benefits,  within  the 
guidelines  set  forth  by  regulations. 

■nie  results  of  the  case  study  identified  a  lack  of  transferable 
information  regarding  the  relationship  betweai  water  quality  and 
groundwater  recharge  and  the  preservation  of  natural  valley 
storage.  Information  on  this  relationship  exists  in  other  parts 
of  the  country,  but  that  literature  and  its  conclusions  are  not 
readily  transferrable  to  this  region.  Without  an  understanding 
of  this  relationship  in  the  Northeast,  a  benefit  calculation  is 
impossible.  Coordination  with  the  ISiited  States  Geological 
Survey  confirmed  this  lack  of  data.  Further  studies  of  the 
relationships  of  groundwater  and  water  quality  to  natural  storage 
could  be  useful  to  future  NVS  studies.  Based  on  vhat  is  known 
new  it  is  apparent  that  each  site  is  unique  and  needs  to  be 
studied  on  an  individual  basis. 
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APPENDIX  A 


ENVIRCM1EM!AL  LAWS  AND  PBGUIAnaTS 


FEDERAL  AND  STATE  lAWS  AND  REGULATIONS  AFFECTING  POTENTIAL 
DEVELOPMENT  OF  NASHUA  RIVER  WETLANDS  AND  FLOODPIAINS 


h'h]  )h:KAL 


Clean  Water  Act,  Section  404  (40  CFR  230,  33  CFR  320-330) 

Regulates  discharge  of  dredged  and  fill  material  into  waters  of 
the  IMited  States.  Waters  of  the  iMted  States  include  navigable 
waterways,  wetlands,  tributaries  to  navigable  waters  (including 
adjacent  wetlands,  lakes,  and  ponds) ,  interstate  waters  and  their 
tritutaries,  and  all  other  waters,  including  intermittent  streams,  not 
part  of  a  tributary  system. 


Endangered  Species  Act  (50  CFR  81,  225,  402) 

Provides  fear  federal  listing  and  protection  of  threatened  and 
endangered  species. 


National  Flood  Insurance  Act  (42  U.S.C.  4001-4128) 

Authorized  the  National  Flood  Insurance  Program  of  1969  viiich,  throxi^ 
the  incentive  of  Federally  backed  flood  insurance,  encourages 
cemraunities  to  enact  and  enforce  flooc^lain  regulations. 


Executive  Order  11988  (40  CFR  6  ^pendix  A) 

Requires  federal  agencies  to  avoid  adverse  inpacts  associated  with  the 
occupancy  and  modification  of  flooc^lains  and  to  avoid  support  of 
floodplain  developnent  vherever  there  is  a  practicable  alternative. 


Executive  Order  11990  (40  CFR  6  Jppendix  A) 

Requires  federal  agencies  to  minimize  the  destruction,  loss  or 
degradation  of  wetlands,  and  preserve  and  enhance  beneficial  values  of 
wetlands. 


Fi^  and  Wildlife  Coordination  Act  (16  U.S.C.  661) 

Requires  federal  agencies  proposing  water  resource  projects  to  consult 
with  U.S.  Fish  and  Wildlife  Service. 
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National  Environmental  Protection  Act  (40  CFR  1500-1508,  33  CER  230,  235) 


Requires  federal  agencies  to  consider  environmental  consequences  of 
federal  actions. 


Resource  Conservation  and  Recovery  Act  (40  CFR  257.3-1,  40  CFR  264.181) 

Provides  criteria  for  placement  of  solid  waste  disposal  sites  and 
hazardous  waste  disposal  sites  in  flooc^lains. 
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Certification  for  Dredging,  Dredged  Material  Disposal  ajid  Filling  in 
Waters  (314  CMR  9) 

Establi^es  water  quality  certification  requirements  for  dredging, 
dredged  material  disposal,  and  filling  projects  in  state  waters, 
including  wetlands. 


Endangered  Species  Act  (321  CMR  10) 

Regulates  state  listing  and  protection  of  threatened  and  endangered 
species. 

Floo(%)lain  and  Coastal  Hi^  Hazard  Areas  Construction  Design  Requirements 
(780  CMR  744) ; 

Provides  design  requirements  for  structures  built  within  100-year 
flooc^lains  ard  coastal  hi^  hazard  areas. 


Hazardous  Waste  Management  Facilities  Location  Standards  (310  CMR  30.700 
to  30.707) 

Regulates  placement  of  landfills,  surface  iitpoundments,  and  waste 
piles  within  500-year  f loot^lains  and  watersheds  of  class  A  surface 
waters. 


Hazardous  Waste  Wastewater  Treatment  Unit  Standards  (310  CMR  30.605) 

Requires  that  treatment  units  within  100-year  floo(%)lain  must  be 
flooc^roofed. 


Inland  Wetlands  Orders  (302  CMR  6) 

Regulates  activities  within  inland  wetlands  and  provides  procedures 
for  establishing  encroachment  lines  along  waterways  and  flood  prone 
areas  beyond  vdiich  no  xmauthorized  activities  shall  occur. 


Interbasin  Transfer  Regulations  (313  CMR  4) 

Delineates  Massachusetts  River  basins  and  provides  regulations 
governing  the  increased  transfer  of  surface  and  grourxawater  between 
basins. 
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Massachusetts  Environmental  Protection  Act  (301  CMR  11) 

Requires  environmental  review  of  activities  carried  out,  funded,  or 
pennitted  ky  state  agencies. 


Metrc^litan  Water^ed  Protection  Act  (M.G.L.  c.  92) 

Regulates  activities  within  Metrcpolitan  District  Commission  water 
supply  water^eds.  [These  include  the  \:pper  reaches  of  the  Na^ua 
River  that  have  been  inpounded  in  Clinton,  MA  to  form  the  Wachusett 
Reservoir.] 


River  Protection  Act  (pending  legislation) 

If  enacted,  this  law  would  establish  a  statewide  develcpment  setback 
of  150  feet  from  rivers  and  streams,  except  in  densely  developed  areas 
vhere  the  setback  could  be  as  little  as  25  feet. 


Scenic  and  Recreational  Rivers  Orders  (302  CMR  3) 

Provides  regulations  for  designation  and  protection  of  scenic  and 
recreational  rivers  and  streams.  [The  North  Na^ua  River  between  Route 
2  and  the  New  Banpshire  border  is  a  locally  designated  scenic  and 
recreational  river.] 


Solid  Waste  Sanitary  Landfills  Location  Standards  (310  CMR  19.02) 

Provides  location  standards  for  sanitary  landfills.  Placement  of 
landfills  in  wetlands  or  flooc^lains  is  generally  prohibited. 


Surface  Water  Quality  Standards  (314  CMR  4.00) 

Sets  water  quality  standards  for  state  waters  and  antidegradation 
provisions. 


Waterway  Regulations  (310  CMR  9) 

Regulates  placement  of  structures  or  fill  and  dredging  in  state 
waterways  and  tidelands. 

Wetlands  Protection  Act  (310  CMR  10.00-10.99) 

Regulates  activities  ciffecting  wetlands,  surface  waters,  and  land 
subject  to  flooding. 


NEW  HAMPSHIRE 


Alteration  of  Terrain  (N.H.  Administrative  Rules  Env-Ws  415.03) 

Requires  pennit  viien  an  contiguous  area  of  100,000  square  feet  or  more 
will  be  disturbed.  Focus  is  bn  control  of  erosion  and  stormwater 
runoff. 


Endangered  Species  Act  (N.H.  Code  of  Administrative  Rules  Fis  1000) 

Regulates  state  listing  and  protection  of  threatened  and  oidangered 
animals. 


Hazardous  Waste  Facilities  Siting  (HE-P  1905  s.  1905.08 (g  and  h)) 

Limits  placement  of  landfills,  treatment  and  storage  facilities,  and 
disposal  facilities  within  floo^lains,  near  streams  and  lakes,  and 
within  watersheds  of  class  A  surface  waters. 


Land  i^lication  of  Sludge  and  Septage  (Ife-P  1901.05(d)) 

Prohibits  stocilqjiling  of  sludge  or  septage  within  100-year  flooc^lain, 
and  sludge  spreading  on  poorly  drained  or  seasonally  flooded  soils. 

Native  Plant  Protection  Act  (RSA  217-A;9) 

Regulations  protecting  state  listed  threatened  and  endangered  plants. 

Radiation  Control  Rules  (He-P  2067,  s.  2067.01  -  2067.11,  i^pendix  P) 

Prohibits  disposal  of  low  level  radioactive  waste  within  100  year 
floodplain. 

Solid  Waste  Facility  Standards  (He-P  1901.05  (a,  i,  or  j)) 

Requires  that  facilities  or  practices  located  within  f looc^lains  not 
effect  the  bcise  flood. 


Wetlands  Protection  Regulations  (N.H.  Administrative  Rules  Env-Wt  100 
throu^  Env-Wt  800) 

Regulates  activities  in  wetlands  and  surface  waters. 
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SECTION  22 


1.  iMTRixucnaj 

The  purpose  of  this  investigation  is  to  research  ancl  discuss 
methodologies  to  quantify  the  economic  benefits  of  natural  vsdley  storage 
as  a  flood  control  cLLtemative  as  compared  to  structural  solutions.  Ihis 
Water  Gialify  Evaluaticxi  specifically  identifies  potential  water  quality, 
erosion  ccaitrol,  and  grouncJwater  recharge  benefits  gained  fixm  the 
preservatical  of  natural  vedley  storage.  Ihe  evaluaticai  further  Identifies 
methodologies  used  to  quantify  the  value  of  these  benefits.  Ihese 
methodologies  are  evaluated  in  terms  of  their  effectiveness  in  applying 
them  to  Mcissachusetts  natural  valley  storage  areas. 

Natural  valley  storage  is  the  preservation  of  wetlands  and  flood 
plcdns  vhich  provide  significant  flood  water  retention,  wetlands  and 
flood  plains  that  provide  ample  storage  cause  attenuation  of  flood  peaks. 
Water  qualify  oc^istituents  seem  to  attenuate  with  flood  peaks,  lessening 
the  shock  of  nutrients  entering  waterways  from  storm  water  runoff. 

Natural  valley  storage  also  induces  settling  of  suspended  materials  and 
often  decreases  bank  erosic»i,  as  flow  throu^  wetlands  and  over  flood 
plains  is  relatively  lethargic.  Seme  wetlands  and  flood  plcdns  can  also 
increase  groundwater  recharge,  d^jending  on  their  hydrogeological 
characteristics.  Wetlands  provide  additional  benefits  in  that  they 
usually  improve  the  qualify  of  water  passing  throu^.  However,  some 
wetlands  introduce  additicsial  nutrients  to  the  outflowing  waters, 
especially  during  the  winter  menths.  The  abilify  of  a  wetland  to  improve 
water  quailify  characteristics  depends  on  the  seetson,  its  hydrologic 
characteristics,  vegetaticmi,  soil  characteristics,  and  mierx^ied. 
coramunify. 

The  potential  economic  value  of  wetlands  and  flood  plains  to  improve 
water  qualify,  erosion  control,  and  groundwater  recharge  is  difficult  to 
estimate.  methodologies  for  evaluating  these  benefits  are  beised  cm 

exists  to  society  of  providing  the  same  amount  of  water  qualify,  erosicmi 
cxintrol,  and  groundwater  recharge  improvements  using  alternative  sources 
or  technologies. 

2.  WATER  QGALnY 

a.  Boiefits 

water  cjualify  improvements  induced  by  natural  valley  storage  include 
settling  of  su^iended  material,  and  usually  reductions  in  or  storage  of 
organics,  nutrients,  and  metals.  Both  flocx^lains  and  wetlands  premate 
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settling  of  suspended  solids  due  to  their  gentle  slopes  and  lew 
flcw-throu^  velocities.  Ihe  slower  the  v/ater  movement  and  longer  the 
hydraulic  detention  times  of  these  storage  areas,  the  more  susp^ided 
materials  settle,  promoting  hi^er  quality  waters.  Suspended  sediments 
adsorb  metals,  nutrients,  and  organics,  and  these  constituents  may  be 
temporarily  immobilized  or  permanently  lost  vdien  the  sediments  settle. 

The  sediments  sometimes  resuspend  during  disturbances  such  as  storms,  or 
release  the  adsorbed  materials  reintroducing  them  into  the  water. 

However,  the  accretion  rate  of  sediments  may  prevent  resuspension  causing 
permanent  immobilization.  Ihe  amount  of  settling  and  rate  of  accretion  is 
hi^ily  site  and  time  specific,  d^ending  on  hydrologic  characteristics, 
soil  types,  topography,  water  quality,  vegetation,  etc. 

A  wetland  can  also  inprove  water  quality  throu^  biological  and 
chemical  processes  in  its  soils  and  plants.  Wetland  sediments  are  usually 
anaerobic  due  to  their  continuously  inundated  state.  Nitrification  and 
denitrification  processes  in  the  water  column  and  anaerobic  sediments 
remove  most  nitrogen  from  overlying  waters.  Plants  take  vp  nitrogen,  and 
to  a  much  lesser  degree,  phosfhorus,  usually  at  significant  rates  during 
the  growing  season.  However,  a  portion  of  these  nutrients  are  released 
vpon  decay.  Metal  and  organic  contaminant  loads  of  influents  undergo 
change  as  they  pass  throu^  wetlands  as  well.  A  wetland  ecosystem  may 
tertporarily  store,  utilize,  export,  or  transform  these  constituents  due  to 
its  conplex  chemical  and  biochemical  environment.  A  wetland  that  takes  in 
or  transforms  constituents  purifies  the  water  as  it  passes  throu^.  On 
the  other  hand,  a  wetland  that  ejports  more  constituents  than  it  takes  in 
contributes  to  a  poorer  water  quality  effluent.  A  wetlands  ability  to  act 
as  a  source  or  a  sink  depends  c«i  hydrologic  characteristics,  vegetation, 
sediments/soils,  cind  microbiota  (Elder,  1987) . 

Mary  studies  have  been  conducted  indicating  seme  wetlands  act  as 
nutrient  sinks.  Tilton  et  al.  (1978)  studied  the  role  of  wetlands  in 
improving  water  quality  and  found  nitrate  and  nitrite  nitrogen,  total 
dissolved  phosphorus,  and  ammonium  removals  of  99,  95,  and  71  percent, 
respectively.  Furthermore,  they  found  decreases  in  turbidity  and 
suspended  solids  between  inf  lew  and  discharge  stations.  German  (1989) 
found  a  36  percent  decrease  in  nitrogen  and  33  percent  decrease  in 
phosphorus  by  a  natural  wetland  system.  The  Corps  of  Engineers  Waterways 
Ejperiments  Station  conpiled  data  frem  several  wetland  studies  (some  from 
Massachusetts)  in  the  Northeastern  United  States  and  found  cases  vhere 
wetlands  acted  as  sources,  sinks,  and  transformers  of  nutrients  and  heavy 
metals  d^)ending  on  the  particular  wetland  system. 

Since  many  wetlands  act  as  nutrient  sinks,  they  have  been  successfully 
used  to  treat  secondary  effluent,  storm  water,  and  agricultural  runoff. 
Removals  of  60  to  90  percent  suspended  solids  and  40  to  90  percent 
nitrogen  from  secondary  effluent  have  been  observed  in  various  studies 
(Crites,  1988) .  Kadlec  and  Alvord  (1989)  demonstrate  the  Houn^ton  Lake 
wetland  treatment  system  in  Michigan  consistently  treated  over  400,000 
nr/yr  of  secondary  municipal  wastewater  to  96  and  97  percent  removals  of 
total  phosphorus  and  ammonium  nitrogen,  respectively,  over  an  11-year 
period. 
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b.  Methodologies 


(1)  Replacement  Cost  Methodology.  Ri^lacement  cost  methodology 
evaliiates  water  quali^  benefits  gained  from  natural  vall^  storage  by 
equating  them  with  the  cost  of  a  replacement  project,  providing  the  same 
service  to  sociel^.  Water  quality  services  that  wetlands  can  perform 
include  tertiary  treatment  of  secondary  effluent  and  treatment  of  storm 
water  and/or  agricultural  runoff.  Most  reviewed  literature  focuses  on 
wetlands,  and  it  spears  that  few  researchers  investigated  water  quality 
benefits  derived  from  nonwetland  natural  valley  storage  areas.  Detailed 
studies  have  been  conducted  to  determine  a  wetland's  ability  to  assimilate 
nutrients,  or  perform  tertiary  treatment.  The  amount  of  nutrients  removed 
or  absorbed  by  a  wetland  is  generally  determined  by  conparing  nutriait 
ooncaitrations  from  inflow  and  outflow  data. 

Water  quality  benefits  derived  from  the  r^lacement  cost  technique  are 
usually  used  with  other  techniques  to  provide  an  overall,  holistic  value 
of  the  natural  valley  storage  area.  Gosselirik,  among  other  researchers, 
incorporated  replacement  costs  in  a  technique  called  energy  analysis, 
vhich  is  a  holistic  approach  for  estimating  a  wetland's  worth.  It 
establishes  the  social  value  of  the  wetland  in  terms  of  the  amount  of 
energy  it  provides.  For  this  analysis,  Gosselirik  identified  four  grorps 
of  baiefits  for  vhich  dollar  values  were  estimated,  one  groip  was  sewage 
waste  assimilation  (Luzar  and  Gan,  1991) . 

Usii^  this  analysis,  Gosselink  determined  that  the  per  acre 
capitcilized  value  of  sewage  waste  assimilation  performed  in  a  particular 
wetland  is  $50,000  (1974  costs),  based  on  the  alternative  cost  of 
conventional  tertiary  treatment  (Luzar  and  Gan,  1991).  In  1973, 

Gosselirik,  Odum,  and  Pcpe  converted  sewage  effluent  loading  results  of 
phosphorus  into  an  annual  dollar  value  of  $480  per  acre  by  epplying  an 
alternative  cost  of  $1.20  per  pound  of  phosfhorus  removal  by  conventional 
methods  (Park  and  Batie,  1979) .  Using  this  same  technique.  Bender  and 
Correll  converted  their  effluent  loading  results  to  an  armual  dollar  value 
of  $158  per  acre  of  wetland  for  phosphorus  removal  (Park  and  Batie,  1979) . 

Luzar  and  Gan  (1991)  summarize,  in  detail,  the  limitations  involved  by 
using  the  r^lacement  cost  methodology  (as  part  of  the  energy  analysis) , 
concluding  that  it  tends  to  overestimate  the  value  of  wetlands  by  not 
considering  factors  such  as  human  demand  for  natural  system  services.  In 
other  words,  society  must  be  willing  to  pay,  at  a  minimum,  the  cost 
associated  with  the  alternative  method  for  the  particular  service  (water 
quality  iirprovement)  the  wetland  provides  (Park  and  Batie,  1979) .  If 
surface  water  discharge  criteria  requires  only  secondary  treatment  of 
wastewater,  Idien  a  wetland  receiving  secondary  discharge  and  functioning 
as  a  tertiary  treatment  facility  may  not  be  hi^ily  valued  by  the  public 
for  that  function.  Another  significant  limitation  is  that  cost  figures 
identified  above  are  only  reliable  for  the  specific  wetland  studied,  and 
cannot  be  generalized  to  ajply  to  other  wetlarx3s  or  natural  valley  storage 
areas.  Valuations  are  hi^ily  site  specific,  since  the  degree  of 
sedimentation  and  assimilation  of  nutrients,  organics,  and  metals  varies 
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greatly  for  each  different  natural  valley  storage  area  (Park  a^  Batie, 
1979) .  Esctensive  data  collection  at  inflow  and  disch£u:ge  stations  would 
need  to  be  perfonned  to  apportion  water  quality  benefits  incurred  by  eacih 
different  storage  area.  Park  and  Batie  (1979)  identify  another  limitation 
warning  that  ’’only  those  wetlands  plots  that  are  actually  used  for 
nutrient  assimilation  have  any  value  for  that  purpose.”  A  wetland  ^ould 
not  be  valued  as  a  tertiary  treatment  system  if  it  is  not  being  used  as 
one.  Finally,  the  replacement  cost  technique  is  limited  by  the  complexity 
of  wetland  ecosystems,  vMoh  are  quite  complicated  and  not  entirely 
understood  (Luzar  and  Gan,  1991) . 

The  replacement  cost  methodology  has  been  used  to  value  water  quality 
benefits  of  wetlands  in  other  ways.  Tilton  et  al.  (1978)  ccmpared  costs  of 
nutrient  removal  from  secondary  wastewater  effluent  to  tertiary  levels 
using  ^ray  irrigation  to  the  costs  of  treating  the  effluent  using  a 
wetland.  Assuming  1978  prices,  the  present  worth  for  a  i^ray  irrigation 
system  was  estimated  to  be  $20,299  compared  to  $11,197  for  purchasing  and 
maintaining  treatment  in  a  natural  wetland.  Limitations  of  this  technique 
mirror  those  mentioned  above,  excqpt  Tilton  evaluates  a  wetland's  ability 
to  assimilate  waste  even  if  it  is  not  currently  being  xised  for  that 
purpose.  He  assumes  the  wetland  must  be  purchased,  wastewater 
transpo3rted,  and  treatment  system  maintained  to  compare  its  value  to  other 
tertiary  treatment  facilities.  Tilton  mentions  an  additional  concern 
regarding  the  use  of  existing  wetlands  to  treat  wastewater;  Regulation  may 
prohibit  the  \3se  of  natural  wetlands  to  treat  secondary  effluent. 

Tilton  et  al.  (1978)  also  suggest  that  the  function  of  wetlands  as 
natural  storm  water  runoff  collecticwi  and  treatment  systems  could  be 
considered  in  assessing  a  wetland's  worth  relative  to  the  cost  of 
collecting  and  treating  storm  water  runoff  by  manmade  ^sterns.  When 
wetlands  are  filled,  th^  no  longer  have  the  capacity  to  collect  and  treat 
storm  water  runoff.  The  runoff  would  have  to  be  diverted  to  storm  sewer 
pipes  and  rerouted  to  an  alternative  treatment  site,  for  vhich  Tilton 
estimated  the  1978  discounted  edited,  cost  to  be  $9,237.  This  compares 
favorably  to  the  no  cost  alternative  of  a  wetland  which  collects  and 
treats  storm  water  runoff  naturally.  Besides  diverting  storm  water 
runoff,  land  use  practices  can  also  be  incorporated  to  reduce  runoff  from 
agricultural  land  to  lessen  sediment  and  nutrient  loading  to  a  waterway. 
Water  quality  improvement  costs  can  be  estimated  by  determining  the  net 
returns  to  farmers  vho  ^ply  these  land  use  practices  (Park  and  Batie, 
1979) .  If  a  wetland  treats  secondary  effluent  along  with  runoff,  the 
combined  benefits  give  the  wetland  area  even  greater  value. 

(2)  Hedonic  Price  Technicaie.  This  methodology  is  based  cm  the 
assumption  that  people  will  pay  for  a  wetland  if  it  boarders  their  property 
(between  their  property  and  the  shoreline)  provided  it  is  aesthetically 
pleasing.  The  veilue  of  the  wetland  depend  on  physical  characteristics 
such  as  setback,  proximity,  and  aesthetic  quality,  as  well  as  the  local 
eexsnemy.  Allen  and  Stevens  present  this  methodology  in  their  r^ort 
entitled,  "Use  of  Hedonic  Pries  Technique  to  Evaluate  Wetlands"  (1983) , 
stating  that  it  "relies  on  observed  behavior  to  value  ncxi-market  gexxis." 

In  other  words,  people  would  be  willing  to  pay  for  this  wetland  to  prevent 
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it  from  being  destroyed  and,  therefore,  destroying  their  view.  This 
^th^ology  iiK^ectly  assesses  the  worth  of  a  wetland's  water  quality 
benefits  assuming  that  the  cleaner  a  water  is,  the  more  people  will  value 


Hedonic  ^icing  tends  to  underestimate  the  value  of  certain  wetland 
^e^  f^cording  to  Allen  and  Stevens  (1983)  because  of  the  following 
l^tations.  First,  the  proper  economic  model  must  be  used  to  evalmte 
the  ar^.  Second,  each  evaluation  is  site  specific,  and  cannot  be 

^  diversity  in  wetlands  and  local  economies. 

Ih^,  the  h^  buyer  ^  seller  must  be  aware  of  the  wetland  areas 
^lue.  Finally,  certain  externalities  may  fail  to  be  incorporated  into 
the  house  pricing  market,  such  as  a  water  fowl  breeding  area. 

3.  EROSICW  OMROL 


a.  Benefits 

Natural  Valley  Storage  inproves  dcwnstream  erosion  ccntrol  by 
attenuating  peak  floods,  reducing  the  d^th  and  velocity  of  the 
floodflow.  Wetlands  also  reduce  local  erosion  by  sediment  stabilization, 
w^e  OTergy  dissipaticxi  ai^  velocity  reduction  provided  by  plants.  These 
attributes  protect  the  adjacent  i^orelines  from  erosion  as  well.  One 
problem  with  assuming  erosion  control  is  a  direct  benefit  of  wetlands, 
h(^v^,  IS  that  most  shoreline  wetlands  only  develop  and  remain  on  i^ores 
witt  Iw  wave  oiergy  and  velocity,  vhere  erosicai  is  not  usually  a  problem 
to  begin  with.  ^ 

appears  that  very  little  research  regarding  natural  valley  storage 
^fests  cm  erosicHi  control  has  been  performed.  Owens  (1980)  rr>ndiif7t-<v^  a 
study  in  Chesapeake  toy  and  found  that  the  wetland  vegetation  and 
relatwely  flat  cxmfiguration  ^pear  to  dissipate  incoming  wave  energy, 
protecting  the  ^oreline  located  behind  the  wetlands. 

b.  Methodol  ogi  ea 

(i)  Damage  Oo^  Methodology.  Owens  (1980)  evaluated  a  wetlands  worth 
as  a  means  of  etpsion  ccmtrol  to  prevent  flcxDd  damages  in  terms  of  the 
ralue  of  waterfrcmt  property.  He  found  the  value  of  a  waterfront  lot 
decreases  as  its  erosicm  rate  increases.  He  first  determined  the  average 
irKome  a  perscm  investing  in  a  waterfront  lot  would  receive  over  time.  He 
^tes  that  v^ue  of  income  ejpected  from  a  lot  with  a  wetlands  area 
lying  in  front  of  it  was  fcxmd  to  be  hi^er  than  a  lot  without  a  wetlands 
area.  Using  this  same  methodology,  Soodari  (1990)  suggests  erosion 
control  benefits  can  be  valued  based  on  the  cost  of  removing  sediment  from 
a  navigable  waterway. 

of  this  methodology  are  similar  to  those  of  the 
oost  methodology  as  it  is  hi^ily  site  ^)ecific.  In  addition, 
Scod^i  (1990)  ^tes  "it  dcrns  not  cxmsider  social  preferences  for  wetland 
services  or  individuals'  behavior  in  the  absence  of  those  services."  If  a 
wetland  is  dredged  eliminating  its  erosion  control  benefits,  properly 
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owners  may  be  willing  to  pay  for  a  structural  solution  to  prevent 
potential  flood  damages.  In  this  case,  the  cost  of  pobenticil  flood 
damages  (incurred  assuming  the  wetland  is  removed)  xised  to  determine  the 
wetland's  worth  may  greatly  exceed  the  cost  of  this  structural  solution. 
Consequently,  damage  cost  methodology  would  overestimate  the  wetland's 
worth.  Another  major  limitaticai  is  that  this  methodology  only  exiles 
vAien  dredging  (removing)  the  wetland  is  being  proposed.  If  filling  the 
wetland  were  the  proposed  alteration,  erosion  control  of  the  adjacent 
upland  would  no  Icxiger  be  a  ccaxem. 

(2)  Rajlacement  Cost  Methodology.  Ihis  methodology,  iised  previously 
for  water  quality  benefits,  assumes  the  value  of  a  wetland  would  be  worth 
the  cost  of  an  alternative  method  of  erosicxi  control.  CX^ens  (1980) 
calculated  the  cost  of  bulkheading  as  an  alternative  and  found  naturally 
occurring  wetlands  to  be  a  less  espensive  form  of  erosion  control.  Uiis 
methodology  could  also  be  eppli.ed  using  other  structurcil  alternatives  such 
as  stone  protecticai. 

R^lacement  costs  usucilly  place  a  lower  value  on  wetlands  than  Idle 
damage  cost  methodology.  Major  limitations  of  the  r^lacement  cost 
technology  for  erosion  control  are  as  follows:  (a)  it  is  hic^ily  site 
specific,  and  (b)  it  cxily  ^plies  if  the  wetland  is  going  to  be  dredged 
and  not  filled  in. 

4.  GROUNDNATER  RECHARGE 

a.  Benefits 

Natural  valley  storage  can  recharge  groundwater  provided  optimum  soil 
ccaiditions  and  surficial  geology  prevail  in  the  particular  wetland  or 
flood  plain.  Each  natural  valley  storage  area  must  be  studied  carefully 
to  determine  the  soil  and  groundwater  conditions  indicating  if  the  area 
recharges  the  groundwater  or  if  the  groundwater  is  discharging  water  to 
the  surface.  Groundwater  recharge/discharge  may  vary  seasoneilly,  and 
water  sipply  wells  can  also  affect  the  recharge/discharge  capacity  of  an 
aquifer  d^iending  an  water  usage.  Groundwater  recharge  from  wetlands  is 
ejpected  to  be  less  than  from  other  natural  valley  storage  areas,  as 
wetland  soils  are  usually  less  permeable  than  soils  associated  with 
groundwater  recharge  (Larson,  1990) .  However,  according  to  Larson  (1973) , 
at  least  60  Massachusetts  cities  and  towns  have  municipal  water  production 
wells  in  or  very  near  wetlands. 

b.  Methodologies 

Ri^lacement  Cost  Methodology  can  be  used  if  a  wetland  or  flood  plain 
recharges  to  an  aquifer  that  could  be  used  for  public  or  private  water 
sipply.  It  relates  the  loss  of  natural  valley  storage  groundwater 
recharge  benefits  to  the  cost  of  a  r^lacement  water  supply.  Gipta  and 
Foster  \ised  this  technique  to  estimate  groundwater  recharge  benefits  for 
inland  freshwater  wetlands  in  Massachusetts  during  a  stu^  he  conducted 
from  1973  to  1975  (Tilton  et  al.  1978) .  They  determined  the  cost  of 
pumping  and  delivering  groundwater  from  a  wetland  aquifer  coitpared  to  the 
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cost  of  water  supplied  and  delivered  by  a  water  purification  plant  in 
terms  of  dollars  per  acre.  The  difference  in  cost  was  $202.38  per  acre 
(1972  costs) ,  and  is  the  net  worth  of  the  wetland  as  a  groundwater  si:?5ply 
source.  Using  the  same  ^jproach,  Larson  (1976)  estimated  the  annual  water 
si;53ply  benefits  of  a  typical  inland  wetland  in  Massachusetts,  producing  1 
million  gallons  per  day  (for  water  sc^iply) ,  to  be  $2,800  per  acre  (1972 
costs) .  This  estimate  was  based  on  studies  of  well  fields  located  in  the 
northeast  XMited  States  having  yields  ranging  from  300  to  1,400  gallons 
per  minute  and  depths  of  75  to  200  feet.  It  was  also  based  on  alternative 
water  sources  supplied  and  distributed  by  the  Metropolitan  District 
Ccmmission. 

Similar  to  other  explications  of  r^lacement  costs,  one  major 
limitation  is  that  the  estimates  are  site  specific.  In  order  to  vise  this 
methodology  to  evaluate  a  particular  natural  valley  storage  area's 
groundwater  recharge  benefits,  the  area  would  have  to  be  studied  to 
determine  if  it  recharges  the  groundwater  and  to  vhat  degree  recharge 
occurs.  Furthermore,  the  groundwater  must  be  of  hi^  enou^  quality  to 
serve  as  a  water  supply  source.  Another  problem  with  vising  this  method  is 
that  the  public  must  need  the  benefits,  m  other  words,  if  a  flood  plain 
groundwater  aquifer  is  not  currently  being  used  as  a  water  supply,  then 
society  may  not  find  its  value  to  be  equivalent  to  the  cost  of  an 
alternative  water  supply. 

5.  Discussicaj 

Althcu^  the  literature  suggests  significant  water  quality,  erosion 
control,  and  groundwater  rechairge  benefits  can  be  gained  frem  natural 
valley  storage;  these  benefits  are  ejctremely  difficult  to  quantify. 

Results  of  this  investigation  indicate  that  three  different  approaches 
have  been  taken  to  evaluate  benefits  provided  by  these  services. 

Moreover,  most  research  for  all  approaches  focused  on  wetlands,  and  little 
research  was  found  dealing  with  other  forms  of  natural  valley  storage. 

The  most  widely  used  methodology  seems  to  be  the  replacement  cost 
technique. 

A  coraroon  limitation  for  all  three  methodologies  is  that  they  are  site 
specific,  and  cannot  be  generalized  to  ^ply  to  each  different  natural 
valley  storage  area.  Ctonsequently,  significant  data  collection  and  site 
investigaticMi  should  be  performed  for  each  different  storage  area  in  order 
to  apply  any  valuation  methodology.  Another  limitation  vhich  ajplies  to 
all  methodologies  is  that  individual  values  estimated  for  each  service 
cannot  always  be  added  to  obtain  a  net  value  for  the  storage  area.  Costs 
are  often  at  odds  with  one  another,  or  with  other  natural  valley  storage 
benefits.  For  instance,  benefits  gained  from  a  wetland  that  acc^ts 
secondary  tireatmait  cannot  be  added  to  benefits  feom  groundwater  recharge 
because  acc^jtable  drinking  water  standards  are  required.  Another  exairple 
is  that  a  coastal  wetland  cannot  be  evaluated  simultaneously  for  its 
sewage  treatment  and  i^ellfi^  production  capabilities. 

Estimating  the  value  of  a  natural  valley  storage  area  is  difficult 
because  roost  people  are  not  aware  of  ecologic  benefits  it  provides 
society.  Aside  frem  potential  water  quality,  erosion  control  and 
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grcxmciwater  recharge  benefits,  other  benefits  can  be  gained  such  eis  flcxxi 
control,  recreaticm,  fish  and  wildlife  protecticai,  etc. .  All  benefits 
obtained  from  a  natural  vall^  storage  area  should  be  considered  to 
determine  its  total  holistic  value. 

6.  APPLECAnar  to  Nashua  river  basin 

i^licaticxi  of  r^lacement  cost,  damage  cost,  and  hedonic  price 
techniques  for  estimating  water  quality,  erosion  control,  and  groundwater 
recharge  benefits  derived  from  preservation  of  natural  valley  storage 
areas  in  the  Na^ua  River  Basin  would  be  an  extremely  ccnplex  ta^,  and  is 
beyond  the  scope  of  this  project.  Significant  data  collection  and 
evalixation  far  each  individual  storage  area  would  be  required  in  order  to 
use  any  of  th^e  techniques.  In  addition  to  hydrologic  information,  data 
cxillechion  would  include,  at  a  minimum,  measuring  water  quali"^ 
constituents  in  inflows  and  outflows  and  groundwater  monitoring.  Data 
would  have  to  be  collected  ctver  a  one-year  period  to  account  for  seasonal 
variations  in  effluent  water  quality  and  groundwater  recharge  or  discharge 
levels.  Additionally,  a  detailed  investigation  of  each  storage  area  site 
and  its  watershed  land  \ase  would  have  to  be  conducted  to  determine  the 
follcwing:  its  use  as  a  storm  water  collection  and  treatment  system,  its 
potential  for  providing  tertiary  treatment,  if  any  water  simply  wells  draw 
from  aquifers  that  are  hydraulicsilly  connected  to  the  site,  and  finally, 
setback  distances  of  properties  located  near  the  area  with  potential 
erosion  control  or  aesthetic  benefits. 

7.  CONCLUSION 

Natural  valley  storage  can  often  provide  significant  water  quality, 
erosion  control,  and  groundwater  recharge  benefits.  The  amount  of  these 
benefits  varies  widely  with  each  different  flcxxi  plain  storage  area,  as 
these  areas  are  generally  extremely  complex  ecosystems  such  as  wetlands. 
Water  quality  benefits  include  sediment  control  or  settling  of  suspended 
solids  (incxeased  sedimentation) ,  and  usually  a  reduction  in  nutrients, 
organics,  and  metals.  Natural  valley  storage  can  sometimes  provide 
groundwater  recharge,  increasing  the  yield  of  water  svpply  aquifers. 
Finally,  erosion  control  benefits  can  be  gained  because  water  travels  more 
slowly  C3ver  flood  plciins  and  throu^  wetlands,  and  wave  energy  is 
dissipated  due  to  vegetation  and  lower  water  dqpths. 

Evaluation  of  benefits  obtained  from  natural  valley  storage  is 
necessary  in  order  to  perform  scxind  rescsurce  management  of  these  natural 
ecosystems.  Ihe  difficulty  in  evalxxating  the  worth  of  these  resources 
lies  in  quantifying  their  value  to  mankind.  Evaluation  methcxiolcjgies 
presented  in  this  investigation  include  r^laceroent  cx>st,  hedonic  price, 
and  damage  cost  techniques.  Ihe  r^lacement  cx^st  methodology  is  used  for 
water  quality,  erosion  control,  and  groundwater  recharge  benefits  and  is 
based  on  the  assumption  that  pecple  will  be  willing  to  pay  for  an 
alternative  technology  that  provides  the  same  service.  Hie  hedonic  pric» 
technique  is  used  to  estimate  a  hcmecwner's  value  of  a  wetland  based  on 
its  proximity  and  setback  distances,  and  aesthetic  appeal.  Ihe  damage 
cost  methodology  is  used  for  erosion  control  benefits,  and  assumes  people 
will  pay  more  mon^  for  prcperty  Icxated  bdiind  a  shoreline  wetland  sinco 
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it  provicies  shoreline  erosion  control  and  protects  their  property.  Mar^ 
other  technicyaes  have  been  \ased  to  evaluate  natural  valley  storage  areas, 
tut  they  are  not  mentioned  in  this  investigatiCTi  because  they  are  not 
directly  related  to  water  quality,  erosion  control,  or  groundwater 
recharge  benefits. 

Since  natural  valley  storage  areas  vary  greatly,  application  of 
evaluaticMi  methodologies  is  hi^y  site  specific.  It  spears  that  the  only 
way  to  utilize  these  methodologies  for  an  individual  storage  area  is  to 
collect  as  much  data  as  possible  and  stucfy  the  site  in  detail.  Possible 
recaranendatic^  the  Ccmmonwealth  of  Massachusetts  may  want  to  consider  to 
pr^jare  for  natural  valley  storage  area  evaluations  are:  (a)  synthesize 
all  existing  available  data  for  natural  valley  storage  areas  in  the  State, 
(b)  identt^  storage  areas  vhich  provide  the  greatest  benefits,  or  rank 
all  areas  in  terms  of  the  types  of  benefits  or  potential  baiefits  they 
provide,  (c)  if  enou^  funds  are  available,  set  vp  a  monitoring  program  to 
determine  constituent  loads  and  discharges  for  selective  storage  areas, 
and  (d)  at  the  very  least,  organize  a  ^stematic  epproach  for  evaluating 
the  benefits  provided  by  natural  Vcilley  storage  areas. 
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INIRODUCTICTT 


New  Englcind  Division  is  conducting  a  Natural  Valley  Storage 
investigation  for  the  Coammonwealth  of  Massachusetts  under  the  authority 
contained  in  Section  22,  Planning  Assistance  to  States  Program.  The  goal 
of  the  stut^  is  to  research  and  discuss  methodologies  to  quanti]^,  in 
econcndc  terms,  costs,  and  benefits  of  natural  valley  storage 
(preservation  of  wetlands  and  f loo(%)lains  vhich  provide  significant 
floodwater  retention) .  Such  preservation  could  be  viewed  eis  a  flood 
control  alternative  to  any  required  future  structural  solution. 

There  are  two  parts  to  this  hydrologic  review  of  natural  valley 
storage.  Part  I  includes  a  general  description  of  natural  valley  storage 
(NVS) ,  watershed  characteristics,  flood  control  effectiveness  of  NVS, 
irpacts  of  loss  of  natural  valley  storage,  and  eval\aation  methods.  Part 
II  discusses  the  case  study  completed  for  the  Nai^ua  River  to  illustrate 
how  seme  techniques  discussed  in  Part  I  can  be  used  to  evaluate  natural 
vall^  storage. 
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PART  I 

CNESmm  OF  NATURAL  VATT.EV  .qrOPAOE 


1.  GENEE^AL  DESCKEPTION 

Natural  valley  storage  areas  cxjnsist  of  wetlands,  floo(%)lains,  and 
overbarik  areas  of  a  river  viiere  f loodf lows  are  teirporarily  stored  before 
being  conveyed  dcwnstream.  During  flood  periods  vAien  discharges  and 
stages  within  these  areas  are  increasing,  water  flows  into  the  natural 
valley  storage  areas  tenporarily  until  floodwaters  recede.  Ihe  effect  of 
this  teitporary  storage  is  to  lag  and  reduce  the  flood  peak  as  it 
progresses  downstream  (see  section  4. a.  (4)  for  an  exanple) .  Ihis  may 
prolong  the  period  of  floodwater  flow,  jkit  reduces  the  discharges  and 
flooding  stages  downstream. 

Another  inportant  function  of  natural  valley  storage  is  its  ability  to 
convey  water.  Flood  conveyance  capacity  is  greater  in  deeper  and  wider 
channels  and  adjacent  areas,  such  eis  flooc^lains  and  wetlanc3s.  Wetlands 
vhich  contain  heavy  vegetation  growth  i:p  to  the  level  experienced  during 
floods  have  little  flood  conveyance  ability,  since  the  stage  required  to 
better  convey  floodflows  would  be  above  the  vegetation  hei^t.  The 
greater  the  conveyance  capacity,  the  lower  the  flood  elevations  along  the 
stream's  reach.  Wetlands  closer  to  the  channel  of  a  stream,  especially 
those  adjacent  to  hi<^  gradient  streams  with  narrow  flooc^lains,  have 
greater  conveyance  capacity,  vhile  backwater  wetlands  have  more  flood 
storage  capacity  (Kusler,  1987) . 

There  are  many  different  types  of  wetlands  with  varied  hydrologic 
characteristics,  vhich  make  generalization  of  wetlands  difficult.  For 
exanple,  the  type  and  density  of  wetland  vegetation  affects  water 
velocities  vhich  in  turn  affect  flood  conveyance  and  storage 
capabilities.  The  shape,  size,  and  d^th  of  a  wetland  are  also  major 
factors  in  flood  conveyance  and  can  be  changed  by  inpacts  to  the  water^ed 
such  as  tree  cutting,  draining,  filling,  and  urbanization.  These  changes 
can  increase  sediment  loadings  and  runoff.  Hi^  sedimentation  can  fill 
wetlands  Vihich  also  affects  flood  conveyance  and  storage. 

2.  WATERSHED  CHARACTERISTICS 

Runoff  characteristics  of  a  watershed  can  be  significant  in 
determining  flooding.  Infiltration  is  a  factor  affecting  runoff. 

Different  soil  types  have  different  infiltration  capabilities.  The  sand 
and  gravel  types  of  soil  have  hi^  rates  of  water  transmissibility  and 
lower  runoff  ^tential,  >hile  the  clay  type  soils  have  low  rates  of  water 
transmissibility  and  hi^er  runoff  potential. 

Low  gradient  surfaces  with  hi^  rou^iness  coefficients  and  hi^ 
absorptive  capacities  have  relatively  low  conveyance  capabilities  and 
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relatively  hi^  storage,  virile  hi^  gradient  and  in^ienneable  surfaces 
(e.g. ,  pavement)  quickly  convey  water  from  hi^er  to  lower  elevations  and 
store  relatively  little.  Areas  that  have  a  hi^  initial  water  content 
usually  produce  very  quicJc  runoff. 

Watersheds  having  significant  natural  valley  storage  often  have 
sluggish  runoff  as  conpared  to  paved  areas  viiich  have  accelerated  runoff 
as  noted  in  the  Charles  River  Water^ed  Natural  Valley  Storage  stucfy 
(Corps  of  Engineers,  1976).  Runoff  flows  quickly  from  paved,  lower, 
urbanized  aireas  into  the  Charles  River,  raising  water  levels  and 
accelerating  flows.  Hcwever,  in  the  less  develop^  vpper  watershed, 
natural  valley  storage  areas  and  flat  stream  gradients,  with  significant 
wetlands,  hold  excess  floodwaters  making  runoff  from  these  areeis  sluggish 
(Doyle,  1987). 

The  amount  of  natural  valley  storage  area  within  a  basin  can  be 
considered  a  characteristic  of  that  watershed.  Ihe  more  natural  valley 
storage  in  a  wateri^ed,  the  greater  the  reduction  in  floodflows  due  to 
available  storage.  Conparing  the  Charles  River  Basin  and  the  adjacent 
Blackstone  River  Beisin  illustrates  the  effect  of  natural  valley  storage  on 
reducing  floodflcws.  The  Charles  River  Basin  has  much  more  natural  valley 
storage  in  comparison  to  the  Blackstone.  During  the  1955  flood,  its  peak 
discharge  was  only  17.5  cubic  feet  per  second  per  square  mile  (csm)  and 
the  Blackstone  River  Basin  was  121  csm.  Figure  C-1  shows  the  deference 
in  hydrogr^hs;  the  Blackstone  peaks  fast  and  hi^  due  to  relatively  small 
amounts  of  storage,  \diile  the  Charles  peaks  slow  and  low. 

3.  TYPES  OF  STORAGE  AREAS  THAT  CAN  BE  EVAEUATED 

Socp  individual  storage  areas  act  like  reservoirs.  Some  exaiples 
are;  ponds,  lakes,  wetlands,  and  swaip  areas  that  have  hydraulic  controls 
(i.e.  dams,  constricted  discharge  points)  vhich  allow  them  to  store  the 
water.  Flooc^lains  act  as  storage  areas  along  the  river.  Floodwaters 
enter  the  flooc^lain  vhen  the  river  exceeds  its  banks.  In  many  cases 
these  areas  do  not  act  specifically  like  reservoirs.  Floo^lains  hold 
water,  but  also  convey  water  dcwnstream.  They  act  more  like  part  of  the 
river  than  a  reservoir.  There  are  engineering  techniques  to  evaluate  both 
types  of  storage  areas. 

4.  EVAEOATING  STORAGE  AREAS 

a.  General.  It  is  not  easy  to  generalize  how  to  evaluate  natural 
valley  storage  for  every  watershed.  Each  basin  is  different,  and 
depending  on  its  characteristics  and  tcpogr^hy,  the  evalmtion  process 
varies.  The  following  are  two  evalxaation  methods.  The  Na^ua  River 
Watershed  Case  Stutty  (Part  II  of  this  r^)ort)  illustrates  techniques 
similar  to  that  discussed  here  in  section  c. 

b.  Storage  Areas  That  Ac;t  t.iVp  ppgArvnirs.  These  areas  may  be 
selected  based  on  size,  drainage  area,  and  effectiveness  of  storing 
floodwaters. 

(1)  Area  Capacity.  A  relationship  between  elevation,  area,  and 
storage  capacity  needs  to  be  determined.  In  the  Charles  River  Study,  for 
exaiple,  2-foot  contour  maps  were  used  and  the  area  of  storage  was 
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FIGURE  C-1 


Blackstone  River  VS  Charles  River  for  the  1955  flood. 


corpited  at  different  elevations.  This  information  was  losed  to  determine 
area-c^acity  relationships  (see  Figure  C-2) . 

(2)  Estimating  Flood  Inflow.  Chit  hydrographs  for  the  basin  of 
each  storage  area  can  be  developed  by  basing  the  unit  hydrograjii’s 
characteristics  on  the  basin's  size  and  slope  and  by  stucfying  their 
historic  timing  and  response.  Flood  inflow  is  estimated  by  applying 
appropriate  excess  rainfall  to  the  unit  hydrogrc^  for  each  storage  area. 

(3)  Outlet-Digcharge  Rating.  For  each  storage  area  an 
outlet-discharge  relationship  (stage-discharge  curve,  see  Figure  C-3)  is 
develc^jed.  During  the  Charles  River  Stut^,  for  example,  these 
relationships  were  based  mostly  on  field  inspections  and  hydraulic 
cxanputations  using  historic  hi^  water  information  as  a  guide.  Available 
uses  ratings  at  gages  or  flood  profiles  frem  Flood  Insurance  Studies  can 
also  be  used,  if  ^plicable. 

(4)  Elevation-Storaae-nischarge  Relationship.  By  develcping  a 
relationship  between  elevation,  storage,  and  discharge,  inflow  hydrographs 
can  be  routed  threu^  storage  areas.  Ihere  are  several  techniques 
including:  the  "Modified  Puls"  and  "Lag-Average". 

The  "Modified  Puls"  reservoir  routing  method,  via  the  HBC-1  model, 
routes  the  hydrogr^hs  throu^  the  storage  areas.  This  method  involves 
irputting  a  volume/outf lew  relationship  and  specifying  initial  conditions 
of  either  stage,  storage,  or  outflow. 

Ihe  "Lag-Average"  technique,  used  for  the  Charles  River  Watershed, 
involves  coefficients  related  to  reach  length,  slcpe,  and  relative  amounts 
of  apparent  storage.  This  technique  is  used  principilly  for  main  river 
.  flows.-  --  -  . . . 

Figures  C-4  and  C-5  shew  1955  flood  inflow  and  routed  outflow 
hydrograjhs  for  two  storage  areas  from  the  Charles  River  Stuc^  and 
illustrate  the  concepts  discussed  in  section  2.  Figure  C-4  describes  an 
area  with  relatively  minor  storage;  the  two  hydrographs  are  similar  (i.e., 
outflow  almost  equals  inflow;  minor  amounts  of  flocxiflcws  are  stored) .  An 
area  with  a  large  amount  of  storage  has  a  very  different  lock  (see  Figure 
C-5) ;  an  early,  hi^  peaked  inflow  hydrograph  and  a  lagged,  low  peaked 
outflow  hydrograph  (i.e.,  much  of  the  water  is  being  stored  by  the  storage 
area  or  "reservoir") .  Shaded  area  "A"  r^resents  the  voluotne  of  water 
going  into  storage  and  area  "B"  equals  that  ceming  out  of  storage.  When 
the  total  inf  lew  has  flcwed  out  of  the  basin,  area  "A"  equals  area  "B". 

As  illustrated,  temporary  storage  results  in  the  reduction  and  lag  of  the 
peaks  between  inf  lew  and  outflcw  hydrogra{hs. 

(5)  Calibration.  The  storage  outflcws  and  local  inflow 
hydrograjhs  are  appropriately  cxmnbined  and  routed  downstream.  The  routing 
models  are  considered  calibrated  if  the  resulting  dewnstream  hydrograph's 
timing  and  magnitude  cempare  reasonably  with  that  of  an  observed 
hydrograjh  from  a  dewnstream  gage.  Figures  C-6  and  C-7,  for  exaitple,  ^cw 
the  exmputed  and  observed  hydrograjhs  for  the  1955  f Icxxi  at  the  Charles 
River  Village  and  Waltham  gages  from  the  Charles  River  Stucty. 
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(6)  Loss  of  Storage  Effec±s.  For  the  Qiarles  River  Stuc^, 
selected  storage  areas  were  considered  lost  by  assuming  future  outflow 
will  equal  inflow  ax>d  not  performing  any  storage  routing  thou^  the 
arecis.  Fineil  effects  of  the  loss  of  selected  natural  valley  storage  arecis 
on  the  1955  flood  at  two  locations  are  ^own  in  Figures  C-8  and  C-9.  The 
hydrographs  without  storage  are  hi^er  and  generally  peak  faster  than 
those  with  storage. 

c.  River  Reaches  With  Off-Channel  Storage.  River  reaches  with 
considerable  flooc^lains,  acting  as  storage  areas  and  having  hydraulic 
conveyance  ceqpabilities,  need  to  be  evaluated  differently.  Sane  items 
that  should  be  considered  are  hydrologic  storage  and  hydravilic  flood 
conveyance  capacity  as  well  as  flood  elevations.  A  river  reach  with 
off -channel  storage  has  a  water  surface  profile  that  is  sloping  (see 
example  from  N^xsnset  River  study,  Figure  C-10) ,  vhile  a  reservoir-liJce 
storage  area  assumes  a  level  water  surface. 

(1)  Data  Needed  For  The  Evaluation.  Cross  sections  representing 
the  channel  and  overbank  off-channel  storage  are  necessary  for  the  reach 
of  river  to  be  evaluated.  Scmetimes  this  reach  geometry  data  is  available 
in  bacikt^)  files  of  Flood  Insurance  Studies.  USGS  gage  data  for  estimating 
inflows  and  checking  outflow  accuracy  is  desired,  if  available.  Hi^ 
watermark  data  is  useful  for  calibration  purposes,  especially  if  gage  data 
is  not  available. 

(2)  Estimating  Inflows.  Initial  inflows  at  the  vpstream  end  of 
the  reach  are  determined  from  available  data.  For  the  Neponset  River 
Stujty  the  two  river  branches  above  the  reach  had  USGS  streamflcw  gages; 
therefore,  runoff  hydrographs  for  each  branch  were  developed  and  cxmibined 
to  estimate  total  inflow. 

Local  inflows  need  to  be  estimated  for  tributary  areas.  One  possible 
method  is  developing  unit  hydrograph  parameters  based  oh  known  areas  with 
similar  watershed  characteristics.  Using  these  parameters,  resulting 
runoff  hydrograjhs  for  the  local  areas  can  be  developed.  Figure  C-11 
shows  example  hydrographs  developed  for  the  Neponset  River  Stu(^. 

(3)  Analyzing  Hydraulic  Flew  Conditions  and  Storage  Effects. 
Generally,  a  cfynamic  xinsteacfy  flow  model  is  lased  for  routing  the  flood 
hydrograjhs  throu^  the  river  reach.  An  unsteacty  flew  model  cillows  for 
consideration  of  hydraulic  conveyance  and  storage  capacil^.  Output  for 
such  a  model  xasually  illustrates  attenuation  of  the  flood  hydrograjh  and 
provides  the  resulting  stages,  discharges,  and  timing  of  the  flood  as  it 
progresses  downstream. 

(4)  Calibration.  Ihe  model  is  calibrated  on  its  ability  to 
reproduce  historic  flood  levels  and  observed  downstream  gage  hydrographs, 
if  available. 

(5)  Analyzing  Loss  Of  Storage  Effects.  Once  the  model  is 
calibrated,  several  floods  may  be  analyzed  shewing  existing  conditions  and 
modified  conditions  involving  percoitage  of  storage  loss  vhich  represent 
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FIGURE  Q-2  Area-capacity  relationship  for  storage  area  "K" 
from  the  Charles  River  Study. 
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FIGURE  c-3  Outlet-rating  relationship  for  storage  area  "K" 
from  the  Charles  River  Study. 


FIGUREg-4  Inflow  and  outflow  from  storage  area  "S"  during  the 
1955  flood  from  the  Charles  River  Study. 


FIGURE  c-5  Inflow  and  outflow  from  storage  area  "K"  during  the 
1955  flood  from  the  Charles  River  Study. 
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FIGURE  0-6  Observed  and  computed  hydrographs'  for  the  1955 
flood  at  the  Charles  River  Village  gage  from 
the  Charles  River  Study. 


FIGURE  0-7  Ot)served  and  computed  hydrographs  for  the  1955 

flood  at  .the  Waltham  gage  from  the  Charles  River 
Study. 
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FIGURE  c-8 .  Hydrographs  at  the  Charles  River  Village  gage 
representing  the  1955  flood  with  and  without 
selected  storage  areas  from  the  Charles  River 
Study. 


FIGURE  G-9  Hydrographs  at  the  Waltham  gage  representing 

the  1955  flood  with  and  without  selected  storage 
areas  from  the  Charles  River  Study. 


C.-9 


FIGURE  C-10 


River  reach  with  off-channel  storage  and  a  sloping  water  surface  profile  from  the  Neponset 
River  Study. 


Example  inflow  hydrographs  developed  for  the  Neponset  River  Study. 


natural  loss  or  possible  encroachments  on  the  flood  plains.  River  profile 
results  from  the  N^jonset  Study  are  shown  in  Figure  C-10  as  an  example. 

5.  FD0C»  aaWRDL  EFFECTIVENESS  OF  NftTURaL  VALLEY  STORAGE 

Storm  runoff  could  increase  due  to  disappearing  watershed  retention 
areas,  decreasing  the  land's  storage  capacity,  thereby  threatening 
downs^eam  areas  with  increcised  flood  discharges.  Filling  of  wetlands 
often  leads  to  increased  flood  stages,  resulting  in  greater  flood  damages 
upstream  also. 

The  magnitude  of  a  flood  and  the  antecedent  conditions  within  the 
water^ed  are  factors  in  determining  the  storage  effectiveness  of  natural 
valley  storage  areas.  Natural  velLI^  storage  has  the  greatest  modifying 
effect  on  flash-type  floods  that  peak  and  recede  quickly,  rather  than  long 
duration  flooding  vAien  discharges  remain  hi^  for  a  longer  period.  Change 
of  storage  in  a  floo(%)lain  only  occurs  as  a  result  of  change  in  stage, 
vhich  in  turn  is  a  function  of  change  of  flow  in  the  river.  The  relative 
magnitude  of  the  effect  of  floo(%)lain  storage  on  outflcw  is  therefore 
d^jendent  on  rate  of  rise  of  the  flood  crest,  amount  of  floo(%)lain  area, 
and  magnitude  of  riverflow.  During  rising  flood  stages,  outflow  from  a 
reach  is  less  than  inflow  by  a  flow  amount  equivalent  to  the  rate  of  rise 
in  stage;  multiplied  by  the  natural  valley  storage  area.  The  amount  the 
outflow  peak  is  reduced  below  the  inflow  peak  dqpends  greatly  on  the  type 
of  flood.  With  a  flash-type  flood,  reduction  in  peak  discharge  c^ 
approach  the  reduction  between  inflow  and  outflow  ejperienced  during  the 
rising  portion  of  the  event.  During  long  duration  floodii^,  the  effect  of 
natural  valley  storage  is  minimal  because  outflow  equals  inflow  once  the 
areas  are  filled  to  the  stage  required  to  sustain  peak  flew. 

The  location  of  storage  areas  in  relation  to  damage  areas,  and  in 
conparison  to  the  total  drainage  area,  is  also  important  to  natural  valley 
storage  effectiveness  in  flood  control.  For  example,  storage  with  a  small 
drainage  area  in  the  ipper  portion  of  a  watershed,  located  on  a  first 
order  stream,  would  have  little  impact  on  reducing  peak  flows  if  the  main 
damage  centers  are  located  a  considerable  distance  dewnstream  with  a  miuch 
larger  drainage  area. 

In  the  case  of  the  Neponset  River  Study,  the  loss  of  its  vpstream 
storage  areas  had  little  effect  on  outflows  frem  the  large  river  reach 
storage  area  (Fowl  Meadow) .  The  effect  of  loss  of  ipstream  storage  would 
be  generally  limited  to  tributary  streams  themselves,  with  the  reason 
being  the  Fowl  Meadow  storage  area  is  so  large.  The  l^per  Neponset  and 
East  Branch  Rivers  have  approximately  1,200  acres  of  surface  area  and 
provide  storage  ranging  from  3,000  to  5,000  acre-feet.  In  exmparison,  the 
downstream  Fowl  Meadew  storage  reach  has  a  surface  area  of  about  3,000 
acres,  providing  approximately  15,000  to  30,000  acre-feet  of  storage. 

6.  IMPACTS  OF  LOSS  OF  NATURAL  VALLEY  STORAGE 

It  is  difficult  to  generalize  the  effects  of  losing  natural  flood 
storage.  Determining  the  effect  filling  storage  areas  has  on  flooding, 
requires  complex  hydraulic  calculations.  These  .include  size  of  the 
watershed,  total  volume  of  unfilled  floo(%)lain,  and  percentage  of 
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wetland  storage  in  the  system  as  well  as  a  hydrologic  determination  of  the 
total  quantity  of  water  vMch  will  be  flowing  throu^  the  waterdied  in  a 
given  flood.  Seme  river  systons  experience  major  changes  in  flood  depths 
and  velocities  vAien  significant  wetlands  have  been  filled.  Hewever,  some 
increases  in  flood  elevations  due  to  filling  natural  valley  storage  areas, 
can  result  in  flooding  additional  land  that  would  not  have  been  inundated 
previously.  Therefore,  the  downstream  iitpact  mi^t  not  be  as  great  as 
expected  (Thcroas,  1987) . 

As  stated  in  the  Charles  River  Watershed,  Natural  Valley  Storage 
Project,  Design  Memorandum  No.  1,  dated  May  1976; 

"In  analyzing  the  effect  of  valley  storage  loss 
it  is  important  to  appreciate  the  significance  of  the 
term  effective  storage  loss.  When  a  quantity  of 
vall^  storage  is  lost  due  to  filling  or  dUding  there 
is  also  an  increase  in  flood  stages  in  adjacent 
areas.  These  increased  stages  create  new  flood 
storage  in  areas  not  previously  inundated  so  that  the 
net  effective  storage  loss  is  normally  something  less 
than  the  original  quantity  of  storage  loss.  Hewever, 
the  effect  of  creating  increased  flows  and  stages 
downstream,  due  to  loss  of  rpstream  storage,  often 
leads  to  pressures  for  remedial  channel  improvements, 
filling  and  diking  vhich  can  have  a  ccaorpounding 
effect  much  greater  than  that  originally  computed  for 
the  initicil  incremental  storage  loss.” 

7.  SUMMARY 

D^ending  on  the  natural  valley  storage  characteristics  of  the 
watershed  being  studied,  both  evaluation  methods  discussed  can  be  used 
separately  or  combined,  if  necessary.  The  N^xonset  River  Stxx3y,  for 
example,  was  a  combination  of  both. 

If  natural  valley  storage  areas  are  lost,  floodflcws  would  increase 
stages  into  other  nearby  storage  areas  or  flow  downstream  causing 
increased  flood  discharges.  These  effects  could  result  in  increased  flood 
damages,  both  rpstream  and  downstream. 

Preserving  the  wetlands  and  f  loot^lains  that  make  rp  natural  valley 
storage  could  be  an  effective  flood  control  eiltemative  for  structural 
solutions  and  prevention  of  future  flooding.  Not  preserving  them  could 
lead  to  necessary  downstream  structural  solutions  to  counteract  the 
effects  of  their  loss. 
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PART  II 

NASHUA  KEVER  CASE  STUDY 


1.  WATERSHED  DESCKEPTICXJ 

a.  General.  Hie  Nashua  River  Basin  with  a  total  watersh^  area  of 
approximately  538  square  miles  includes  all  or  part  of  27  cities  and  towns 
in  Massachusetts  and  ei^t  in  New  Hampshire.  Ihe  hipest  altitude  is 
2,006  feet  NGVD  at  Wachusett  Mountain  and  the  elevation  near  the 
confluence  with  the  Merrimacdc  River  in  Na^ua  is  about  121  feet  NGVD.  The 
water^ed  area  consists  of  four  major  tributaries,  the  main  stem  of  the 
river,  generally  rural  landscc^jes,  and  numerous  streams,  lakes,  and 
wetlands. 

b.  Nashua  River.  The  main  stem  of  the  river  originates  at  the 
confluence  of  the  South  Branch  and  North  Na^ua  Rivers  in  Lancaster.  The 
Na^ua  River  is  located  on  the  east  side  of  the  watershed  and  flows  in  a 
generally  northeast  direction  throu^  the  tcwns  of  Lancaster,  Bolton, 
Hairvard,  Shirl^,  Ayer,  Groton,  P^:perell,  and  Dunstable,  Massachusetts 
and  Hollis  and  Nashua,  New  Hampshire  until  it  enters  the  Iferrimack  Mver 
(see  plate  C-1) .  The  main  stem  has  a  total  fall  of  about  140  feet  in  a 
distance  of  afproximately  41  miles  for  an  average  slc^  of  about  three 
feet  per  mile. 

Like  most  streams  in  New  England  that  drain  in  a  northerly  direction, 
the  main  stem  of  the  Nashua  is  hydrologiceLlly  a  sluggi^  watershed  with 
flat  stream  gradients  and  numerous  wetlands  and  flooc^lains.  The  area 
with  the  majority  of  flooc%)lains  and  natural  storage  is  located  between 
the  confluence  of  the  North  Na^ua  River  and  East  P^jperell, 

Massachusetts.  The  current  stui^  deeilt  mostly  with  this  area  due  to  the 
amount  of  natural  valley  storage  within  the  river  reach  and  its 
significance  relative  to  the  total  Nashua  River  watershed. 

c.  North  Nashua  River.  A  major  tributary  to  the  Nashua  River  is  the 
North  Nashua  vhich  has  a  drainage  area  of  132  square  miles  at  ite 
confluence  with  the  South  Branch.  The  North  Nashua  River  flews  in  a 
southecisterly  direction  and  has  an  c^iproximate  length  of  18  miles.  The 
watershed  contains  numerous  small  lakes  and  ponds  utilized  for  municipal 
water  si;5ply,  limited  hydroelectric  pewer  production,  industrial  water 
si:5)ply,  and  recreation  purposes.  Above  Leominster,  the  tepograjhy  is 
moderately  steep  and  hilly,  vhile  the  lower  basin  has  milder  slopes.  The 
\:pper  basin  is  largely  forested  and  contains  little  tillable  land.  The 
slope  averages  36  feet  per  mile  throu^  Fitchburg  and  10  feet  per  mile 
from  Fitchburg  to  the  confluence  with  the  South  Branch.  Most  lakes  in  the 
North  Nashua  River  Basin  provide  little  flood  reduction  during  major 
storms  due  to  limited  surcharge  storage  capacity  and/or  size  of  their 
respective  drainage  areas.  This  tributary  produces  relatively  hi^  run¬ 
off  values  and  is  a  major  contributor  to  floodflcws. 

d.  South  Branch  Nashua  River.  At  the  USGS  gage  in  Clinton,  the 
drainage  area  of  the  South  Branch  is  approximately  108  square  miles.  Most 
of  this  area  is  regulated  by  the  Wachusett  Reservoir  just  \pstream.  This 
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is  a  major  vrater  sc^ly  reservoir;  therefore,  the  itajority  of  the  flow  is 
diverted  for  the  Ifassachusetts  Water  Resource  Association's  water  siipply 
system.  However,  during  flood  events,  vhich  fill  the  impoundment, 
releases  from  Wadiusett  Dam  ^illway  are  made. 

e.  Other  Tributaries.  There  are  two  major  tributaries  other  than  the 
North  Na^ua  River,  namely,  the  Sguannacook  and  Nississit  Rivers,  with 
drainage  areas  of  approximately  71  and  60  square  miles,  respectively.  The 
Squannaoook  drops  about  100  feet  in  ^proximately  15  miles,  and  the 
Nissi^it  ^proximately  90  feet  in  10  miles. 

2.  CIJMATOIDGy 

a.  Gena:^.  The  Nashua  River  Basin  has  a  variable  climate,  vdiich 
frequently  experiences  periods  of  heavy  precipitation  produced  by  local 
thunderstorms  and  larger  weather  systems  of  tropical  and  extra-trcpical 
origin.  The  basin  lies  in  the  path  of  prevailing  "westerlies"  vihich 
traverse  the  country  in  an  easterly  or  northeasterly  direction,  producing 
frequent  weather  changes.  Temperature  extremes  within  the  basin  range 
from  summertime  hi^^s  of  about  100  degrees  (°)  Fahrenheit  (F)  to  subzero 
tenperatures  in  the  minus  teens  occurring  for  short  periods  in  the  winter. 

b.  Temperature.  The  mean  annual  tenperature  in  the  Nashua  River 
watershed  is  afproxlmately  48  °F.  Recorded  temperature  extremes  at 
Fitchburg  vary  &xm  a  maximum  of  105  °F  to  a  minimum  of  -21  °F. 

Freezing  tenperatures  may  be  expected  from  late  S^xtember  to  Jpril.  Table 
C-1  lists  the  mean,  maxdmum,  and  minimum  monthly  and  annual  tenperatures 
at  Fitchburg  for  89  years  of  record. 

c.  Precipitation.  The  average  annual  precipitation  over  Idle  Nashua 
River  Basin  is  epproxditately  46  inches,  uniformly  distributed  throu^out 
the  year.  The  maxdmum  annual  precipitation  at  Clinton,  EXanstable,  and 
Fitchburg  are  62.19,  58.32,  and  58.09  inches,  respectively.  The  minimum 
experienced  annual  precipitations  are  27.97,  34.62,  and  30.79  inches, 
respectively.  Table  C-2  lists  the  mean,  maxdmum,  and  minimum  monthly  and 
annual  precipitation  at  these  three  locations. 

3.  STREAMFLDW  RECORDS 

There  are  currently  5  streamflow  gages  maintained  by  the  U.S. 
Geological  Survey  (USGS)  in  the  Nashua  watershed;  North  Nashua  River  at 
Fitchtwrg,  North  Na^ua  River  at  Lecndnster,  South  Branch  Na^ua  River  at 
Clinton,  Squannaoook  River  near  West  Groton,  and  Nashua  River  at  East 
P^perell.  During  this  stucty,  records  from  the  latter  four  staticais  were 
utilized  for  flood  analysis. 

A  continuous  streamflcw  record  has  been  maintained  at  Leominster  since 
S^xtember  1935,  constituting  56  years  of  record.  Drainage  area  at  the 
gage  is  110  square  miles.  The  long  term  average  flew  is  197  cubic  feet 
per  second  (cfs) ,  equivalent  to  24.2  inches  of  annual  runoff  from  the 
watershed.  The  maxdmum  instantarxeous  discharge  since  1850  was  16,300  cfs 
on  18  March  1936,  vhile  the  minimum  flew  was  11  cfs  on  August  29,  1948. 
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TABLE  C-1 


tOITHLY  TEMPERATURES 

AT  FITCHBUPG,  MASSACHUSEITS 
(Degrees  Fahrenheit) 


Month 

Averaae 

Maximum 

Minimum 

January 

24.8 

68 

-21 

February 

25.0 

68 

-21 

March 

34.5 

86 

-8 

J^ril 

46.0 

92 

6 

May 

57.7 

97 

26 

June 

66.4 

100 

35 

July 

71.6 

103 

40 

August 

69.3 

105 

35 

September 

62.1 

101 

27 

October 

51.3 

91  -  - 

16 

November 

39.9 

81 

-2 

December 

28.6 

71 

-16 

ANNUAL 

48.1 

C-16 


UfflLE  02 


^cpvooo  co^o>in 
cocooH  cno^r^  noivor^ 

•  •••  ••••  •••• 

OOOJH  OHOO  OHOO 


LOOio«  ^  a\  r) 

^CNcno  incoSvo 

•  •••  ••••  •••• 

covocot^  r*-r^r*-cr» 


HV£)Q>in  HlOt^OO  iQOQoo 

oonot^  in^ojco  vovoinc'q 

•  •••  ••••  •••• 

nn^n  fonnn  con^-^ 


cntNcoco  coo^c^co  cTir^or^ 

inHinCo  o^o^lO^  incnoco 

•  •••  ••*•  •••• 

OOOH  OOHH  OHHO 

??FiS5!  SfSSf: 

•  •••  ••••  •••• 

eoo>invo  eoincor' 

8  9Eo?l  5^8SS 

•  •••  ••••  •••• 

co-^cncn 


Sn  o  a\  HC3>o>fo  ing>vDrs3 

o>>co  vo^cnvo  inchinco 

•  •••  ••••  •••• 

oooo  oooo  oooo 

(Tkcotno  ^voincTi  Hifincp 

H-^cNvo  r^coinr)  HHt^o 

•  •••  ••••  •••• 

jqr^oor^  o>chcoco 

'«j*o>on  ooninc^  vor^oovo 

or^cMO^  vovDcncTi  invoinH 

•  •••  ••••  •••• 

nco^cn  nnnn  cn  cn  ^  xr 


il  I. 


C-17 


46.49  62.19  27.97  46.03  58.32  34.62  43.96  58.09  30.79 


Ihe  uses  gage  on  the  South  Branch  Nashua  River  at  Clinton  currently 
only  supplies  basic  monthly  infonnation;  however,  the  Metropolitan 
District  Commission  (MDC)  records  ^ow  daily  releases  from  the  Wachusett 
Dam. 


Ihe  Squannacook  River  gage  has  the  shortest  period  of  record,  42  years 
(1949-1991) .  Drainage  area  at  the  gage  is  63.7  square  miles.  The  average 
flow  is  112  cfs,  with  a  maximum  discharge  of  4,220  cfs  on  6  i^ril  1987  and 
a  minimum  daily  discharge  of  2.0  cfs  on  7  S^itsmber  1965. 

The  final  USGS  gage  is  in  East  P^iperell  on  the  Na^^ua  River  just 
belcw  the  East  P^perell  Dam,  with  drednage  area  of  435  square  miles  at 
the  gage.  The  gage  is  located  approximately  23.3  miles  downstream  from 
the  confluence  of  the  North  Nashua  River.  This  gage  has  a  56-year  period 
of  record  since  1935.  The  long  term  average  flow  is  576  cfs  or  17.9 
inches  of  annual  runoff  from  the  entire  watershed  (Wachusett  Reservoir  has 
a  significant  effect  on  recorded  average  annual  flow) .  Ihe  maximum 
instantaneous  flow  was  20,900  cfs  on  20  March  1936,  vhile  the  minimum 
daily  flow  was  1.1  cfs  on  13  August  1939.  Recorded  peak  annual  discharges 
at  the  East  Pepperell  gage  are  ^own  in  table  C-3. 

Table  C-4  presents  a  summary  of  maximum,  minimum,  and  mean  monthly 
flows  for  the  North  Nashua  at  Leeminster,  Squannacook  at  West  Groton,  and 
Na^ua  at  East  P^perell  gages. 

4.  DESCRIPncaJ  OF  FWODS 

a.  General.  For  the  purposes  of  this  stu^,  three  floods,  based  on 
their  respective  magnitude  of  peak  discharges  with  consideration  for  the 
conputed  discharge-frequency  relationship,  were  considered:  March  1936, 
September  1938,  and  May/ June  1984.  The  1936  flood  was  the  largest  in  the 
Nashua  River  b^in  to  occur  during  the  period  of  record.  The  1938  event, 
the  third  largest,  is  estimated  to  be  about  a  20-year  storm.  Jpproaching 
the  more  frequent  end  of  the  frequency  curve,  the  1984  flood  was  also 
analyzed.  Peak  flows  observed  at  the  four  gages  for  the  three  floods  are 
^own  in  table  C-5. 

b.  March  1936  Flood.  .The  greatest  flows  at  the  Leominster  and  East 
P^perell  gages  were  16,300  and  20,900  cfs,  respectively,  occurring  as  the 
result  of  a  second  storm  in  March  1936.  Intermittent  periods  of  moderate 
to  heavy  rainfall  during  the  month,  combined  with  considerable  snowmelt, 
produced  two  distinct  hi^  flows.  The  first  peak  was  largely  the  result 
of  runoff  from  melting  snew,  with  some  contribution  from  moderate  rainfall 
during  the  period  9-13  March.  A  second  storm  period  of  intense  rainfall 
between  the  16th  and  19th  produced  the  second  peak. 

c.  September  1938  Flood.  Rainfall  associated  with  a  hurricane  that 
passed  vp  the  Connecticut  River  Vall^  produced  hi^  flows  in  the  Na^ua 
River  Basin.  In  the  North  Nashua  Basin,  rainfall  averaged  about  7  inches 
on  18-21  S^jtember,  with  about  4  inches  falling  in  a  24-hour  period  on  the 
20th.  Peaks  at  the  Leeminster  and  East  P^perell  gages  were  10,300  and 
10,200  cfs,  respectively. 
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d.  Mav/J\me  1984  Flood.  During  the  last  of  Ifey,  a  large  slow 
moving  system  passed  throu^  New  England,  bringing  rainfall  for 
approximately  one  wedc  (May  28-Jvine  3) .  The  Nashua  River  Basin  received  8 
to  9  inches  during  that  period,  with  3.8  inches  falling  on  May  29th.  The 
peak  discharges  in  Lecaminster  and  East  Pepperell  were  4,060  and  6,820  cfs, 
respectively. 

5.  PEAK  DISCHMRCT:  FREQUENCIES 

A  peak  discharge-frequency  curve  was  developed  for  the  Nashua  River  at 
East  Pepperell  by  a  statisticcil  analysis  of  annual  peak  flews  using  a  Log 
Pearscai  Type  III  distribution.  A  total  period  of  55  years  (1935-1990)  was 
analyzed  using  the  HECWE?C  conputer  program.  The  discharge-frequency  curve 
has  a  mean  of  3.59,  a  standard  deviation  of  0.21  and  a  oorrputed  ^ew  of 
+0.78.  A  skew  of  +1.0  was  adopted  based  on  previous  studies  and  the 
resulting  curve  is  ^ewn  on  plate  C-7. 

The  discharge-frequency  curve  for  the  Nashua  River  in  Na^ua,  New 
Hanpshire,  between  two  known  damage  areas  near  Mine  Falls,  was  estimated 
using  a  drainage  area  ratio  to  the  0.7  ejponential  pewer.  The  drainage 
areas  in  East  Pepperell,  Massachusetts,  and  at  Mine  Falls,  New  Hanpshire, 
are  435  and  525  square  miles,  respectively.  The  discharge-frequency  curve 
at  Mine  Falls  is  also  shewn  on  plate  C-7. 

6.  STUDY  PROCEDURE 

a.  General.  A  review  of  the  watershed,  flood  profiles,  and  available 
mapping  eis  well  as  gage  data  led  to  recognizing  "that  the  Nashua  River 
reach  frem  confluence  of  the  South  Branch  and  North  Na^ua  Rivers  to  East 
Pepperell  has  significant  natural  valley  storage.  The  location  and 
availability  of  flow  records  at  gages  (see  plate  C-1)  also  allow  for  a 
reasonable  estimate  of  historic  inflows  and  outflows  from  this  reach.  For 
these  reasons,  this  river  reach  was  selected  for  anali^is. 

Because  this  selected  reach  has  a  considerable  length,  storage 
capaci-^,  hydraxalic  conveyance  capability,  and  a  sloping  water  surface 
elevation  (similar  to  that  discussed  in  Part  I  Section  4b. ) ,  it  was 
decided  to  model  it  with  an  unsteac^  flew,  (tynamic  routing  program.  The 
UNET  conputer  program,  "One  Dimensional  lSistea(^  Flew  Throu^  a  Full 
Network  of  Open  Channels"  developed  by  Dr.  Robert  L.  Barkau,  (reference  a) 
was  used.  UNET  cillcws  for  spillways  across  the  channel  and  lateral  or 
uniform  lateral  flows  into  the  river,  among  other  things.  This  and  its 
ability  to  produce  initial .  backwater  conditions  along  the  reach  made  the 
UNET  program  an  appropriate  choice  for  the  stucty. 

b.  Cemputer  Model  Development.  The  UNET  coanputer  model  requires 
river  and  f looc^lain  cross  sectioneil  data  eis  well  ^  information  on  any 
hydraulic  controls  edong  the  river  such  as  dams,  bridges,  etc.  For  stu<^ 
purposes,  specific  bridges  were  not  included  but  two  dams  located  within 
this  reach  of  river  were  coded  into  the  model  as  internal  boundary 
conditions. 
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TABLE  C-3 


ANNUAL  PEAK  FLCWS 

Nashua  River  at  East  Pepperell  Gage 
(D.A.  =  435  Sq.  Mi.) 


Water 

Peak 

Water 

Peak 

Year 

Discharcfe 

Year 

Discharcfe 

(cfs) 

(cfs) 

1936 

20900.00 

1970 

4560.00 

1937 

3530.00 

1971 

2970.00 

1938 

10200.00 

1972 

3840.00 

1939 

3040.00 

1973 

4050.00 

1974 

3650.00 

1940 

4020.00 

1975 

3290.00 

1941 

2260.00 

1976 

3760.00 

1942 

4710.00 

1977 

5640.00 

1943 

2340.00 

1978 

3920.00 

1944 

7100.00 

1979 

6110.00 

1945 

2600.00 

1946 

3440.00 

1980 

4120.00 

1947 

2360.00 

1981 

3940.00 

1948 

4110.00 

1982 

6660.00 

1949 

1950.00 

1983 

5570.00- 

1984 

6820.00 

1950 

2360.00 

1985 

1990.00 

1951 

3410.00 

1986 

4520.00 

1952 

3590.00 

1987 

11700.00 

1953 

4170.00 

1988 

2530.00 

1954 

4860.00 

1989 

2540.00 

1955 

3270.00 

1956 

5880.00 

1990 

3260.00 

1957 

2080.00 

1958 

3520.00 

1959 

4000.00 

1960 

5640.00 

1961 

3140.00 

1962 

5020.00 

1963 

3800.00 

1964 

2390.00 

1965 

1380.00 

1966 

1520.00 

1967 

2960.00 

1968 

6900.00 

1969 

4350.00 
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(1)  Cross  Sec±ion  Data.  Cross  sections  vJiidi  r^resent  almost  24 
miles  of  the  Nei^iia  River  from  Lancaster  to  P^jperell  were  located  from 
bacGo?)  data  files  of  Flood  Insurance  Studies  of  the  ^prcpriate  towns. 
J^roximately  2  to  3  cross  sections  per  mile  were  chosen  to  r^resent  the 
varied  floo(%)lain  widths  of  the  river's  reach.  A  total  of  72  cross 
sections  were  vrtilized. 

(2)  Spillway  Data.  There  are  two  run-of-river  dams  within  the  stutty 
reach,  one  in  Ayer  about  11.35  miles  from  the  confluence  of  the  North 
Nashua  River,  and  the  other  in  P^jperell,  jvist  i^jstream  of  the  gage  at 
approximately  river  mile  23.2  (measured  from  the  confluence  of  the  North 
Nashua  River) .  Weir  lengths  were  scaled  frcan  FIS  mapping,  and  weir 
coefficients  were  estimated  so  that  the  flood  profiles  at  the  dams  as 
presented  in  the  Flood  Insurance  Studies  were  ^proximated. 

(3)  Flow  Data.  For  this  stuc^  the  floods  of  March  1936,  S^tember 
1938,  and  May/ June  1984  were  analyzed.  Hydrographs  at  Leominster, 

Clinton,  and  East  P^perell  were  obtained  from  data  in  USGS  water  sipply 
papers  detailing  the  1936  and  1938  floods  (references  b  and  c, 
respectively) .  For  the  1984  flood,  USGS  elevation-discharge  relationships 
and  gage  heists  for  the  Leominster,  West  Groton,  and  East  P^perell  gages 
during  the  storm  period  were  used  to  produce  hydrographs.  A  1984 
hydrograph  for  Clinton  was  estimated  from  the  MDC  daily  discharge  recxjrds 
for  Wachusett  Dam. 

Sinc»  the  Squannacx)ok  gage  was  not  installed  until  1949,  flow  for  this 
location  was  estimated  based  cai  Leominster  gage  data  for  the  1936  and  1938 
floods.  Tb  obtain  these  estimates  a  relationship  was  determined  based  on 
the  1984  peak  discharges  at  the  Leominster  and  Squannacxxik  gages. 
Contributions  from  the  remaining  Icxal  drainage  area  were  based  on  the 
adopted  Squarmacxok  flow  by  drainage  area  ratio. 

(4)  Upstream  and  Downstream  Boundaries.  The  combined  inflow 
hydrograph  from  Leominster  and  Clinton  was  \ased  as  the  xpstream  boundary, 
with  a  rating  curve  used  for  the  downstream  boundary.  Since  the  East 
P^perell  gage  was  at  the  end  of  the  stucfy  reach,  the  rating  curve  for  the 
gage  developed  by  the  USGS  was  utilized.  Extensions  to  the  rating  curve 
were  determined  based  on  peak  discharges  and  hi^  water  marks  at  the  gage 
for  some  historic  floods. 

(5)  Lateral  Inflows.  Three  estimated  lateral  inflows  were 
determined:  one  for  the  Squannacook  River  (D.A.=  63.7  sq.  mi.),  another 
for  lcx:al  area  1  (D.A.=  58.3  sq.  mi.)  between  the  North  Na^ua  and 
Catacxonamug  Rivers  and,  a  third  for  local  area  2  (D.A.=  95  sq.  mi.), 
r^resenting  remeiinder  of  the  area  between  CatacxxDnamug  River  and  the  East 
Pepperell  gage  (see  plate  C-1) . 

Inflow  from  the  Squanracxxdc  River  was  initially  based  on  a  peak 
discharge  ratio  with  Leominster  gage  flew  (data,  vhile  inf  lew  from  the  two 
Icxoal  areas,  was  based  on  a  drainage  area  ratio  between  their  (drainage 
area  and  that  of  the  Scjuamacxxk  gage.  The  estimated  hydrographs  for  the 
SquannacxxDk  gage  and  two  Icxal  areas  were  used  as  uniform  (for  stability 
purposes)  lateral  inputs  to  the  exmputer  model. 
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c.  Analysis 


(1)  Existing  Conditions.  There  are  three  st^is  in  calibrating  the 
model  for  this  stuc^.  First,  the  initial  steady  state  backwater 
elevations,  based  on  a  discharge  of  2,500  cfs,  were  carpared  to  the  Flood 
Insurance  Study  profiles.  Kicwing  the  discharges  used  to  ccsmpute  the 
various  profiles  in  the  FIS,  the  initied.  condition  backwater  of  UNET  was 
calibrated.  Second,  the  1936  flood  simulation  was  calibrated  to 
approximately  r^roduce  the  surveyed  hi^  water  marks  along  the  stuc^ 
reach.  Last,  was  to  r^roduce  the  (deserved  hydrograjii  for  the  given  flood 
at  the  East  P^perell  gage. 

The  observed  hi^  watermark  data  for  the  1936  and  1938  floods,  as  well 
as  the  peak  elevation  results  from  the  ccmputer  model  for  the  1936  flood, 
are  ^own  on  the  river  profiles  on  plates  C-5  and  C-6.  There  was  no  hi^ 
water  mark  data  for  the  1984  flood  along  the  Na^ua  River. 

Ri^roducing  the  hydrograjii  at  the  East  P^perell  gage  required  some 
adjustment  to  initially  estimate  lateral  inflows  in  order  to  approximate 
the  volime  of  runoff  under  the  observed  hydrograph.  The  lateral  inflows 
were  decreased  by  a  percentage,  based  on  the  differences  between  the 
volume  recorded  at  East  P^perell  versus  the  volume  recorded  at  Leominster 
and  Clinton.  For  the  1936  flood,  decreases  to  initial  estimates  of  the 
two  local  areas  were  50  percent.  The  adopted  lateral  inflow  hydrographs 
for  1936  are  shown  on  plate  C-2.  As  shewn  on  plate  C-2,  vMch  presents 
the  1936  flood  ancilysis,  exact  calibration  of  the  discharge  hydrograph  at 
the  East  P^perell  gage  was  not  obtained.  The  cenputed  hydrograph  peaked 
about  12  hours  earlier  than  the  observed  hydrogr^jh,  and  about  7  percent 
Icwer  in  discharge.  Many  sensitivity  anal^^es  were  conducted  by  adjusting 
various  parameters  within  UNET  such  as  manning's  "n"  coefficients,  lagging 
local  inflows,  interpolating  cross  sections,  etc.  The  analysis,  as 
presented  in  plate  C-2,  was  determined  the  most  r^resentative  and 
reproduced  the  observed  hi^  water  marks  very  well  as  shown  on  plates  C-5 
and  C-6. 

Once  the  1936  flood  was  calibrate,  the  adopted  model  was  used  for  the 
1938  and  1984  events.  Computed  hydrographs  are  ^ewn  on  plates  C-3  and 
C-4  for  the  1938  and  1984  floods,  respectively.  As  can  be  observed,  the 
1938  flood  also  peaked  earlier  and  hi^er  than  the  observed,  vhile  the 
1984  flood  peaked  somewhat  later;  hewever,  with  ^proximately  the  same 
peak  discharge  as  the  observed.  The  accuracy  of  reproducing  these  three 
flocxi  events  is  considered  adequate  for  purposes  of  the  stuc^. 

(2)  Assumed  Storage  Loss.  Since  the  1936  flood  event  is  the  flood  of 
record  for  the  Nashua  River  Basin,  it  was  used  to  r^jresent  an  rpper  limit 
in  establishing  NVS  extent  and  as  the  basis  for  estimating  storage  loss. 
Frcan  the  UNET  ccsiputer  model  run  for  the  1936  flood,  the  peak  elevation 
and  top  width  (length  of  water  surface  across  the  flood  plain)  for  each 
cross  section  were  determined.  Losses  of  10,  30,  and  50  percent  were 
considered.  The  losses  were  r^resented  by  taking  the  c^repriate  percent 
of  the  1936  top  width  for  each  cross  section  alcxig  the  river  reach  to 
estimate  approximately  10,  30,  and  50  percent  loss  of  the  area. 
,^proximately  4,800  acres  were  flooded  during  March  1936  at  an  average 
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d^nth  of  approximately  7  feet.  This  storage  r^resented  about  33,600 
acare-feet  or  1.5  inches  of  runoff  for  the  435square  mile  watershed.  The 
areas  after  10,  30,  and  50  percent  losses  are  ^aproximately  4,300,  3,400, 
and  2,400  acres,  respectively. 

Cjonputer  runs  were  made  for  each  storm  with  10,  30,  and  50  percent 
loss  of  storage  (based  on  the  1936  flooded  area) .  The  resulting  inopacts 
the  loss  of  storage  had  on  the  downstream  hydrograjh  at  East  Pepperell  for 
each  flood  is  shown  on  plates  C-2,  C-3,  and  C-4. 

d.  Results.  Since  calibration  of  the  discharge  hydrographs  was  not 
exact,  the  percent  increase  in  the  three  ccnpited  hydrograjhs  for  various 
percent  losses  of  storage  was  determined.  This  percent  increeise  was  then 
applied  to  the  recorded  discharge  for  each  flood  event  and  revised 
discharge-frequencies  were  determined,  addressing  the  effects  of  storage 
loss.  Discharge-frequency  curves  at  the  East  P^perell  gage  that 
r^aresent  existing,  10,  30,  and  50  percent  losses  are  i^own  on  plate  C-8. 
These  curves  were  increased  by  a  drainage  area  relationship  to  determine 
the  revised  discharge-frequencies  at  damage  centers  in  Nashua,  NH  (plate 
C-9) . 


Two  different  damage  areas  with  distinctly  varied  stage-discharge 
curves  were  identified  in  Nashua.  One  is  located  vpstream  of  Mine  Falls 
Dam,  and  the  other  vpstream  of  Jachson  Mills  Dam.  Two  different 
stage-frequency  curves  illustrating  the  results  ipstream  storage  losses 
would  have  on  each  location  were  develcped. 

The  existing  stage-discharge  curves  were  developed  from  flood  profiles 
presented  in  the  Nashua  Flood  Insurance  Stucfy  near  the  two  damage  areas. 
These  stage-discharge  curves  and  the  adopted  discharge-frequency  curve  for 
Mine  Falls  (between  the  two  damage  areas)  were  used  to  develop  existing 
condition  stage-frequencies.  Stage-frequency  curves  illustrating  the 
storage  losses  were  developed  in  a  similar  manner  from  the  various  percent 
loss  discharge-frequency  curves  and  are  diown  on  plates  C-10  and  C-11. 

7.  cmcLasic»j 

This  case  stucfy  has  demonstrated  the  effects  of  losing  10  an  30 
percent  of  the  record  floocplain  area  and  its  general  results  for  three 
different  floods.  The  losses  had  the  roost  inpact  on  the  record  1936  flood 
due  to  the  larger  aroount  of  previously  inundated  area  being  lost.  On  the 
other  hand,  the  1984  flood,  vhich  is  a  roore  frequently  occurring  event, 
shewed  less  increase  because  of  the  smaller  area  inundated  during  that 
event. 

Stages  dewnstream  due  to  various  losses  of  storage  increased 
significantly.  Fear  a  100-year  flood  event,  elevations  dewnstream  above. 
Mine  Falls  and  Jaeikson  Mills  Dams,  increased  by  0.6  and  0.7  feet  for  the 
10  percent  loss  of  storage,  respertively,  and  by  1.2  and  1.7  feet  for  the 
30  percent  loss,  respectively.  These  increases  in  stages  are  a  result  of 
increeised  flood  discharge  due  to  the  loss  of  upstream  NVS.  When  analyzing 
the  NVS  area  for  the  30  percent  loss  scenario  some  encroachment  into  the 
FEMA  designated  floodway  was  cissumed.  This  analysis  resulted  in  flood 
stage  increases  of  over  1  foot  throu^out  much  of  the  NVS  area.  These 


C-25 


increases  are  due  to  the  effects  of  reduced  flow  area  and  storage  volxme 
cQ.ong  with  the  resulting  increases  to  flood  discharge  calculated  ty  the 
one-dimensional  unsteady  flew  model  vised  in  this  study. 

Based  on  1936  flood  analysis  of  the  study  reach  £ram  Lancaster  to  East 
P^perell,  the  increase  in  discharge  per  acre-foot  of  storage  loss  from 
the  stvK^  reach  is  about  0.2  cfs/acre-foot.  If  more  detailed  information 
is  desired  concerning  storage  in  lakes,  smaller  areas,  and  v^per  parts  of 
the  watershed,  it  would  require  HBC-1  analysis  (cis  discussed  in  Part  I, 
Section  4a.)  to  establi^  the  value  of  their  storage.  This  amount  of 
detcdl  was  beyond  the  so^ie  of  this  study.  Another  resource  for  a  more 
detailed  stvK^  would  be  orthc^otoquad  maps,  vhich  present  more  detailed 
information  about  tc^xsgr^hy  and  types  of  land  than  regular  quad  sheets. 
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SUPPORTING  EOCMmC  INFORMATICS 
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Title 
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D-1 

GUIDELINES  FOR  ASSIGNING  POINTS 

FOR  GENERAL  RECREATION 

D-1 

D-2 

CX»JVERSIC»J  OF  POINTS  TO  DOLLAR  VALUES 

D-2 

D-3 

BGCMMEC  VALUE  OF  CARBC»I  STORAGE  IN  THE 
NASHUA  RIVER  CASE  STUDY  AREA 

D-3 

D-4 

COST  ESTIMATE  FOR  OCNSTRUCTIC^r  OF  10  ACRE 
FORESTED  OR  SCRUB-SHRUB  WETLAND 

D-4 

D-5 

COST  ESTIMATE  FOR  OONSTRUCTKai  OF  10  ACRE 
EMERGENT  WETLAND 

D-5 

D-6 

ECmCMEC  VALUE  OF  STUDY  AREA  WETLANDS  AND 
FORESTED  UPLANDS  BASED  (»I  THE  ENERGY 

ANALYSIS  TECHNIQUE 
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pnmxxTTicai 


Ihe  information  included  within  this  c^jpendix  was  used  to  determine 
benefits  and  resource  values  in  the  case  stucty. 

-Tables  D-1  and  D-2  ^ow  Corps  of  Engineers  guidelines  for 
determining  point  and  dollar  values  in  the  ceilculation  of 
recreation  outputs  \3sing  the  Unit  Day  Value  method. 

-Table  D-3  lists  the  estimated  economic  values  achieved  as 
a  result  of  carbon  storage  in  various  types  of  stuc^  lands. 

-Tables  D-4  and  I>-5  shew  the  detailed  cost  estimates  for 
constructing  10  acres  of  forested  or  scrub-shrub  wetland 
and  10  acres  of  emergent  wetland. 

-Table  D-6  lists  the  values  of  various  wetlands  and  iplands 
based  on  the  energy  analysis  technique. 


Table  D-1 

Guidelines  for  Assigning  Points  for  General  Recreation 


Criteria 

Judgement  factors 

(a)  Recreation 

Two  general 

Several  general 

Several  general 

Several  general 

Numerous  high 

experience ' 

activities'^ 

activities 

activities; one 
high  quality 
value  activity"^ 

activities; 
more  than  one 
high  quality 
high  activity 

qual i ty  value 
activities; 
some  general 
activities 

Total  Points:  30 

Point  value: 

0-4 

5-10 

11-16 

17-23 

24-30 

(b)  Availability 

Several  within 

Several  within 

One  or  two 

None  within 

None  within 

of  opportunity^ 

1  hr.  travel 

1  hr.  travel 

within  1  hr. 

1  hr.  travel 

2  hr,  travel 

.Total  points:  18 

time;  a  few 
within  30  min. 
travel  time 

time;  none 
within  30  min. 
travel  time 

time;  none 
within  45  min. 
travel  time 

time 

■- 

time 

Point  value: 

0-3 

4-6 

7-10 

11-14 

15-18 

(c)  Carrying 

Minimum  facil- 

Basic  facility 

Adequate  fa- 

Optimum  facil- 

Ultimate  fa- 

capacity^ 

ity  for  de- 

to  conduct 

cilities  to 

ities  to  con- 

cilities  to 

Total  points:  14 

velopment  for 
publ ic  health 
and  safety 

activi tyC ies) 

conduct  with¬ 
out  deterior¬ 
ation  of  the 
resource  or  | 

activity  ex¬ 
perience 

1 

duct  activity 
at  site  po¬ 
tential 

achieve  in¬ 
tent  of  se¬ 
lected  al¬ 
ternative 

Point  value: 

0-2 

3-5 

6-8 

9-11 

12-14 

Cd)  Accessibility 

Limited  access 

Fair  access. 

Fair  access, 

Good  access. 

Good  access, 

by  any  means 

poor  quality 

fair  road  to 

good  roads  to 

high  standard 

to  site  or 

roads  to  site; 

site;  fair 

site;  fair 

road  to  site; 

within  site 

limited  access 
within  site 

access;  good 
roads  within 
site 

access,  good 
roads  within 
site 

good  access 
within  si te 

Total  points:  18 

Point  value: 

0-3 

4-6 

7-10 

11-14 

15-18 

(e)  Environmental 

Low  esthetic 

Average  esthet¬ 

Above  average 

High  esthetic 

Outstanding 

factors®  that 

ic  quality; 

esthetic  qual¬ 

quality;  no 

esthetic 

that  signifi¬ 

factors  exist 

ity;  any  lim¬ 

factors  exist 

quality;  no 

cantly  Lower 

that  lower 

iting  factors 

that  lower 

factors  exist 

qua  1 i ty ' 

quality  to 
minor  degree 

can  be  reason- 
.  ably  rectified 

!  qua  1 i ty 

that  lower 
quality 

Total  points:  20 

Point  value: 

0-2 

3-6 

7-10 

11-15 

16-20 

2  Value  for  water-oriented  activities  should  be  adjusted  if  significant  seasonal  water  level  changes  occur. 

General  activities  include  those  that  are  common  to  the  region  and  that  are  usually  of  normal  quality.  This 
2  includes  picnicking,  camping,  hiking,  riding,  cycling,  and  fishing  and  hunting  of  normal  quality. 

High  quality  value  activities  include  those  that  are  not  conmon  to  the  region  and/or  Nation  and  that  are 
^  usually  of  high  quality. 

g  Likelihood  of  success  at  fishing  and  hunting. 

^  Value'  should  be  adjusted  for  overuse. 

^  Major  esthetic  qualities  to  be  considered  include  geology  and  topography,  water,  and  vegetation. 

Factors  to  be  considered  to  lowering  quality  include  air  and  water  pollution,  pests,  poor  climate,  and 
unsightly  adjacent  areas. 
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Table  D-2 

.Conversion  of  Points  to  Dollar  Values 


Specialized 

Recreation 


Point 

Values 

General 

Recreation 

Values 

General 
Fishing  & 
Hunting 
Values 

Specialized 
Fishing  & 
Hunting 
Values 

Values 
Other  Than 
Fishing  & 
Hunting 

0 

2.30 

3.38 

16.13 

9.22 

10 

2.69 

3.74 

16.53 

10.00 

20 

3.10 

4.09 

16.94 

10.75 

30 

3.61 

4.45 

17.37 

11.52 

40 

4.15 

4.90 

17.78 

12.30 

50 

4.94 

5.40 

19.41 

13.85 

60 

5.33 

5.87 

21.07 

15.37 

70 

5.74 

6.32 

22.73 

18.45 

80 

6.13 

6.58 

24.38 

21.52 

90 

6.54 

6.82 

26.02 

24.60 

100 

6.92 

6.88 

27.67 

27.67 
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Table  D-3 

Lc  Value  of  Carbon  Storage  in  the  Nashua  River  Case  Stucty  Area 


Table  D-4 

Cost  Estimate  for  Oonstruction  of 
10  Acre  Forested  or  Scrub-shrub  Wetland^ 


Item 

Quantity 

iMt  Cost  ($)^ 

Item  Cost  ($) 

Stuc^  Planning*^ 

- 

- 

75,000 

Land  (purchase  cost) 

12  ac 

2,000/ac 

24,000 

Clearing  and  Grubbing 

11  ac 

5,000/ac 

55,000 

Strip  and  stockpile  Tepsoil 

8,500  cy 

2.00/cy 

17,000 

Excavate  to  6"  Below  Final  Grade 

58,000  cy 

5.50/cy 

319,000 

^aread  6”  Stockpiled  Topsoil 

8,500  cy 

2.00/cy 

17,000 

Seeding  (grasses) 

53,000  sy 

1.80/sy 

95,400 

Shrubs  and  Trees 

4,356 

12.00  ea 

52,300 

Planting 

10  ac 

2,000/ac 

20,000 

Mcnitoring 

- 

- 

25,000 

Subtotal 

699,700 

Contingency  (20  %) 

140,000 

Total  Cost 

839,700 

Total  Cost/Acre 

say  84,000 

Notes: 

a.  Cost  estimate  is  based  on  follcwing  assunptions  and  design  criteria: 

1)  wetland  would  be  built  in  a  forested  i:5)land  area  with  level  ground  and 
minimal  bedrocJc  outcrops;  2)  an  average  final  grade  3  ft.  belcw  existing 
grade  would  be  needed  provide  adequate  groundwater  moisture  to  seaport 
wetland  trees  and  shrubs;  3)  site  would  be  excavated  to  6”  belcw  final 
grade  and  backfilled  with,  stockpiled  topsoil;  4)  container  grown  trees  and 
shrubs  would  be  planted  at  10  ft.  centers;  5)  site  would  be  seeded  with 
per^inial  grasses  to  provide  vegetative  cover  xmtil  tree  and  shrub  canopy 
develcped. 

b.  Uhit  costs  are  from  recent  government  cost  estimates  for  wetland  replacment 
projects  and  wetland  plant  nursery  catalogs.  Real  estate  cost  is  based  on 
maximum  price  payed  by  Cciiimonwealth  of  Massachusetts  for  conservation  land. 

c.  Planning  costs  include  the  necessary  engineering  services  (e.g.  design 
layout,  topogrephical  surveys,  subsurface  borings,  specifications) , 
envirconmital  studies  (e.g.  archaeologiceil  survey,  endangered  species 
survey) ,  real  estate  services,  and  project  management. 
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Item 


Table  D-5 

Cost  Estimate  for  Construction  of 
10  Acre  Emergent  Wetland^ 

Quanti'^  Uhit  Cost  ($)^  Item  Cost  ($) 


Stucfy  Planning® 

- 

- 

75,000 

Land  (purchase  cost) 

12  ac 

2,000/ac 

24,000 

Clearing  and  Grubbing 

11  ac 

5,000/ac 

55,000 

Strip  and  Stockpile  Topsoil 

8,500  cy 

2.00/cy 

17,000 

Excavate  to  6"  Belcw  Fineil  Grade 

75,000  cy 

5.50/cy 

412,500 

Spread  6”  Stockpiled  Topsoil 

8,500  cy 

2.00/cy 

17,000 

Plant  Material 

50,000 

1.00  ea 

50,000 

Planting 

10  ac 

5,000/ac 

50,000 

Monitoring 

- 

- 

25,000 

Subtotcil 

725,500 

Contingency  (20  %) 

145,100 

Total  Cost 

870,600 

Total  Cost/Acre 

say  88,000 

Notes: 

a.  Cost  estimate  is  based  on  following  assunoptions  and  design  criteria: 

1)  wetland  woold  be  built  in  a  forested  vpland  area  with  level  ground  and 
minimal  bedrock  outcrcps;  2)  an  average  final  grade  4  ft.  belcw  existing 
grade  would  be  needed  provide  adequate  groundwater  moisture  to  si^port 
emergent  vegetation;  3)  site  wculd  be  excavated  to  6"  below  final  grade  and 
backfilled  with  stodlq)iled  topsoil;  4)  rhizomes  or  seedlings  would  be 
planted  at  3  ft.  centers. 

b.  ISxLt  costs  are  frcm  recent  government  cost  estimates  for  wetland  r^lacment 
projects  and  wetland  plant  nursery  catalog.  Real  estate  cost  is  based  on 
maximum  price  payed  by  Commonwealth  of  Massachusetts  for  conservation  land. 

c.  Planning  costs  include  the  necessary  engineering  services  (e.g.  design 
laycwt,  topogr^iiicai  surveys,  subsurface  borings,  specifications) , 
enviromnaTtal  studies  (e.g.  archaeological  survey,  endangered  species 
survey) ,  real  estate  services,  and  project  management. 
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Table  D-6 

Economic  Value  of  Study  Area  Wetlands  and 
Forested  l^leinds  Based  on  the  Bhergy  Analysis  Tei 
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SAMPLE  OOWINGENT  VALUE  SURVEY 


Sairple  Contingent  Vialue  Survey 
Benefits  and  Costs  of  Natural  Valiev  Storage  Preservation 

Natural  valley  storage  are  lands  adjacent  to  streams  or  rivers  that 
are  periodically  flooded.  T3ie  land  may  be  either  wet  throu^out  much  of 
the  year  or  inundated  only  during  rare  flood  events. 

Preservation  of  natural  valley  storage  provides  many  benefits.  These 
include: 

o  natural  storage  of  water  during  flood  evaits  to  reduce  downstream 
flooding 

o  open  space  for  recreation  activities  such  as  hiking,  hunting, 
fishing,  and  bird  watching 

o  possible  iirproved  water  quality 

o  habitat  for  many  species  of  wildlife  and  plants,  including  sane 
that  may  be  rare  and  threatened  with  extinction 

o  commercial  products  such  as  furs,  crops,  and  timber 

Preservation  of  natural  storage  areas  requires  that  some  potential 
uses  of  the  land  be  given  up.  These  include  construction  of  housing, 
industrial  or  commercial  facilities,  and  roads.  Jobs  and  tax  benefits 
could  be  lost  to  local  communities  as  a  result  of  these  restrictions. 

Study  Area 

Our  stucfy  focuses  on  the  Na^ua  River  in  central  Ifessachusetts.  The 
study  area  extends  along  a  22  mile  reach  of  the  river,  from  its  confluence 
with  the  North  Nai^ua  River  in  Lancaster,  to  P^perell.  The  natural 
storage  areas  along  this  reach  conprise  an  area  of  about  7.5  square  miles 
(4,800  acres) . 

Residential  and  ccmmercieil  development  within  the  study  area  is 
currently  sparse.  About  70  percent  of  the  stui^  area  is  protected  from 
future  development.  Ifc)st  of  the  protected  area  is  conservation  land  owned 
ty  private  organizations,  towns,  the  state  of  Massachusetts,  or  the 
Federal  government.  Major  conservation  areas  within  the  stuc^  area 
include  the  Bolton  Flats  Wildlife  Ifenagement  Area,  OidxM  National  Wildlife 
Refuge,  and  the  Rich  State  Forest.  Additional  lands  within  the  stu<^  area 
are  privately  held,  and  protected  from  developmoit  hy  conservation 
easements. 

About  40  percent  of  the  area  is  wetland.  Twenty  five  percent  of  the 
area  is  forested  xpland.  Most  of  the  remaining  area  is  cropland  or 
abandoned  fields.  Extensive  natural  grasslands  are  present  at  the  Bolton 
Flats. 
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U|)lards  and  wetlands  in  the  area  provide  habitat  for  numerous  species 
of  birds,  mammals,  reptiles,  and  plants.  Rare,  threatened  or  endangered 
species  are  known  to  occur  in  the  project  area.  Most  of  these  occur  in 
wetlands. 

Recreational  use  of  conservation  areas  and  private  lands  within  the 
area  is  hi^.  Pcpular  activities  inclvide  canoeing,  fishing,  hik±ig, 
horseback  riding,  and  cross  countty  skiing.  Ihe  Bolton  Flats  and  Oxbow 
National  Wildlife  Refuge  are  r^xortedly  among  the  best  binding  spots  in 
Massachusetts . 

Please  take  a  few  minutes  to  review  this  information  and  look  at  the 
photographs  provided,  [several  photographs  of  the  stucy  area  would  be 
provided] 


Proposed  Natural  Valiev  Storage  Protection  Fund 

A  recent  proposal  would  establi^  a  statewide  Natural  Valley  Storage 
Protection  Fund.  Money  from  the  Fund  would  be  used  to  purchase  areas 
threatened  by  develc^jment.  Households  would  be  asked  to  donate  money  to 
the  Fund  to  eiid  in  their  protection.  No  tax  dollars  would  be  ej^jended  for 
the  Fund. 

If  current  trends  continue  10  percent  of  storage  lands  in  the  study 
area  (480  acres)  will  be  developed  within  the  next  50  years.  This  will 
result  in  increased  risk  of  flooding  in  downstream  comnunities,  loss  of 
open  space  for  recreation,  and  loss  of  wildlife  habitat.  Areas  lost  will 
be  primarily  v;5)lands,  since  most  wetlands  in  the  stucy  area  are  alreacy 
preserved  as  conservation  land  and  are  protected  by  strong  state  wetland 
protection  laws. 

Contributions  to  the  Natural  Valiev  Storage  Protection  Fund 

After  carefully  considering  the  above  information,  how  much  would  your 
hous^old  be  willing  to  contribute  each  year  to  preserve  natural  valley 
storage  areas  from  development?  _ 
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Also,  please  answer  the  following  questions: 

1.  How  many  miles  do  you  live  from  the  stuity  area? _ 

(respondent  would  be  referred  to  map  with  cxjncjentric  mileage 
circles  originating  at  the  study  area) . 

2.  Have  you  ever  visited  the  stucty  area  for  recreational  purposes 
(e.g.  to  hike,  hunt,  fish,  canoe,  or  observe  wildlife)? 

Yes _  No _ 

3.  Have  you  occasionally  visited  similar  areas  elseviSiere  for 

recreational  purposes?  Yes _ No _ 

4.  How  familiar  were  you  with  the  benefits  of  pireserving  flooc%)lains 

before  reading  the  background  material  provided  with  this  survey? 
Not  Familiar _  ScmesAiat  Familiar _  Very  Familiar _ 

5  In  the  past  year  have  you  donated  money  to  conservation 
organizations?  Yes _  No _ 

6.  Are  you  male  or  female _ 

7.  Hew  many  pjeople  are  in  your  household? _ 

8.  What  is  you  age?  _ 

9.  What  is  your  weekly  household  inccane?  _ 


